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THE RELATIONS OF ANIMALS TO DISEASE’ 


A CONSIDERATION of the precise relation 
of various factors to the cause and spread 
of disease is of most recent origin. While 
popular superstition, more often false than 
ecrrect, has recorded even in the most an- 
cient history of medicine the source of 
various ailments, it is only within the last 
century that there has been any critical 
scientific study of the problem. Less than 
three score years cover the epoch-making 
investigations of Koch, Pasteur and their 
coadjutors which have laid the foundations 
and built up the already complex super- 
structure of bacteriology. By the efforts 
of these men the relations of minute plant 
germs, unicellular organisms which we eall 
the bacteria, have been elucidated in great 
detail so as to justify a new theory of the 
origin of disease and a new and successful 


line of prophylaxis, or disease prevention., 
_ Similar studies have not been made in the 


zoological field, but recent discoveries seem 
to indicate the existence of important rela- 
tions heretofore unsuspected and emphasize 
the hopeful character of this new field for 
research. In order to secure a compre- 
hensive survey and place new items in their 
approximate position it is fitting to review 
in toto the relations in which animals stand 
to disease, restricting the inquiry, however, 
for evident reasons primarily to such ail- 
ments as affect mankind. 


The simplest relation is manifested when 


* President’s address before the American Micro- 
scopical Society at the Cedar Point Meeting, de- 
livered in the Carnegie Library Auditorium at 
Sandusky, Ohio, July 6, 1905. 


a3 


| 
| 
& 
“4 


194 SCIENCE. 


the animal becomes a earrier of disease 
germs. This is a merely mechanical fune- 
tion and such disease-producing organisms 
as may be adherent to the body of the 
carrier are transported unwittingly from 
one point to a new environment where 
similar chance causes them to be deposited. 
In this way such germs may be distributed 
widely from an originally small focus and 
may be brought into inappropriate and 
unfortunate relations with members of the 
human species. A very large number of 
isolated cases might be cited to demonstrate 
such mechanical transport by animal ecar- 
riers. One of the best known is the trans- 
port of typhoid germs by means of flies. 
The bacilli which are found in excreta ad- 
here to the feet and hairs of the fly walking 
over such material, only to be carried by 
the next flight of the insect to a dish of 
food or pan of milk left standing on a 
table in the house or a bench at the door. 
In this new environment the germs may 
multiply and with it gain entrance to the 
new human host with disastrous results. 
Veeder has given a most vivid deseription 
of the unsanitary conditions which actually 
existed in our army camps in the Spanish 
American War and which demonstrated on 
a large seale this mechanical transfer of 
typhoid germs. Moreover, it can not be 
doubted that the bacilli actually are carried 
in such fashion, for in experiments re- 
ported in the transactions of this society, 
Maddox demonstrated that when such flies 
as have visited cultures of disease germs, 
walk over sterile gelatine plates they leave 
foci from which develop new colonies of 
bacteria of the specifie sort. Experimental 
evidence is wanting which shall determine 
the actual extent of this infection, the dis- 
tance to which such germs may be earried, 
and the length of time in which they re- 
main alive and eapable of producing an 
infection, as well as the other factors which 
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control the importance of such mechanical] 
transport. That it does play an important 
réle can hardly be doubted, for to the nu- 
merous instances cited in 1899 in Nuttall’s 
splendid monograph the intervening years 
have added both numbers and weight. To 
the instance already discussed where such 
transport was active must be added the 
passive transfer as of typhoid germs in 
oysters, which is well established. 

It should not be inferred from the pre- 
ceeding that only typhoid bacilli are trans- 
ported actively or passively by animal 
earriers. The germs of cholera, anthrax, 
septicemia, pyemia, erysipelas, tuberculosis 
and bubonic plague are said to have been 
transferred from one host to another in 
the same way. In some eases the evidence 
seems clear; in others a verdict of ‘not 
proven’ must be entered; and yet the ob- 
servations already on record eall for a most 
thorough investigation and extended ex- 
perimentation in order to reach a final 
conclusion as to how widely the mechanical 
transfer of disease-producing bacteria may 
extend. In many eases it is doubtless 
purely accidental—easual—as in the hos- 
pital cases infected by flies which Leidy 
records in Philadelphia, or by mosquitoes 
as Giles notes in India. In such transfer 
of disease germs not only are flies the car- 
riers, but also mosquitoes, bed-bugs, fleas, 
and other blood-sucking insects, though to 
a less extent, if present evidence represents 
fairly the actual conditions. Probably 
such carriers of disease will be confined 
chiefly to the insects and the passive agents 
will be exceedingly rare. 

It has been observed, however, that such 
agents may transmit disease germs in other 
manner than merely adherent to the ex- 
ternal parts of the body. Many experi- 
ments have demonstrated that various ba- 
cilli may pass unharmed through the in- 
testine of the fly and be distributed with 
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the droppings of this insect to form cen- 
ters of development wherever they chance 
to be deposited. More extended experi- 
mentation on this point is urgently needed, 
but one can hardly doubt that other insects, 
and perhaps many invertebrates, function 
in similar manner as distributors of infec- 
tion. It should be noted that this manner 
of distribution is not confined to bacteria 
alone, although only seanty evidence is at 
hand eoneerning the mechanical transport 
of other forms. Thus Grassi found that 
flies sueked up with water eggs of various 
parasites, both tapeworms and _ round 
worms (Tenia solium, Oryuris, Trichuris), 
and that these eggs were recovered unal- 
tered from the dejections of the flies, while 
he also eaught some flies with the aliment- 
ary canal full of these eggs. This is posi- 
tive evidence that the fly is able to ingest 
solid bodies of some size through the suck- 
ing proboscis. At the same time he saw 
flies feed on the eggs of Trichuris, on his 
laboratory table, and later found the eggs 
in droppings deposited in the kitchen in the 
story beneath, at a distance of ten meters 
from the place where the insects had been 
feeding. Such internal transportation evi- 
dently insures far greater freedom from 
damage and adverse conditions, as well as 
much wider dissemination than were the 
Spores or eggs merely adherent to external 
organs. Thus living cholera bacilli have 
been voided by a fly some days after the 
original contamination. In the course of 
this period of time the fly could have 
wandered to some distance from the place 
of infeetion. 

Many investigations have shown, how- 
ever, that small larve or adult worms like 
trichinee are digested by the various ani- 
mals to which they were fed, and have en- 
tirely disappeared in the course of a few 
hours. Such experiments have been made 
with frogs, salamanders, land and water 
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beetles, maggots and earth worms. Stiles 
tried some years ago a most interesting 
experiment which throws much light upon 
this subject. He placed fly maggots with 
some Ascaris lumbricoides and the latter 
were devoured together with the eggs they 
contained. Not only the fly larve, but 
also the pup and the adult insects which 
developed from them were found to contain 
eggs of the Ascaris. As the experiment 
was carried out in very warm weather the 
Ascaris eggs developed rapidly and were 
present in the insects in various stages. 
Evidently then the adult fly would serve as 
a disseminator of the parasite, and if the 
eggs attained the proper stage of develop- 
ment the fly might infect man directly by 
depositing them on articles of food. It is 
known that certain seeds will develop only 
after having passed through the intestine 
of birds and it may well be that a similar 
biological environment is necessary in the 
case of some disease germs. Some such 
condition would serve to explain the ecuri- 
ous inability to infect experimentally by 
direct transfer where the disease is yet 
readily and abundantly transferred in 
nature. But the transferring insect would 
not be a mere mechanical carrier, it would 
constitute a necessary link in the life his- 
tory. 

There are many such eases already 
known, but in most of them at least, the 
disease-producing organism passes through 
some phase in its life history in the dis- 
seminating animal which thus becomes an 
intermediate host, a necessary and not a 
casual element in the life eyele. Such 
forms are in no sense mechanical carriers 
and it is evident that the limits between 
these two groups depend partly at least on 
the extent of our knowledge, since a more 
eareful investigation may show that some 
instances of transfer which are regarded 
to-day as purely mechanical involve in 
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reality more complicated relations. It is 
of the greatest importance that these rela- 
tions be definitely established, for on them 
depends the introduction of a rational hy- 
giene, and yet even the merely mechanical 
function of the fly in the dissemination of 
disease calls for strict measures to abate 
this nuisance. Any one may convince 
himself, even by superficial observation, 
that both individuals and communities 
through carelessness allow and_ produce 
conditions which breed enormous numbers 
of unnecessary flies. Rational hygiene 
calls for the removal of these conditions 
and the extermination of flies. Fortu- 
nately to-day one does not need to empha- 
size in civilized countries the undesirable 
character of bed-bugs, cockroaches and 
other vermin, whieh doubtless play a part 
in the mechanical transfer of disease germs, 
and probably are also associated more inti- 
mately with certain maladies, as will ap- 
pear in the sueeeeding section. 

Animals are also breeders of disease as 
well as carriers in a mechanical sense; and 
the part they play as breeders of disease 
may be either purely facultative or, on the 
other hand, essential to the spread of the 
malady. Regarding the facultative réle 
of animals in breeding disease compara- 
tively little exact evidence is at hand. It 
is somewhat generally maintained that 
various human diseases afflict certain ani- 
mals, and the domesticated animals which 
stand in such close relations to man have 
been those against which, up to the present 
time, such charges have been most fre- 
quently made. The evidence is seanty, in- 
conclusive and in some cases of no value 
at all; and yet one can not doubt that some 
of the germs which infect man do live also 
in other animals. Even among the higher 
animal parasites but few species are con- 
fined exclusively to the human host, and 
some, like Echinococcus bladders or Trichi- 
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nella, may occur in a wide range of hosts. 
It is an important duty for the students of 
comparative medicine to determine to what 
extent disease-producing organisms may 
parasitize other hosts than man, for in this 
possibility lies the secret of the transmis- 
sion and appearance at isolated points of 
new disease foci in some of the cases hith- 
erto unexplained. It should be noted dis. 
tinctly that when animals are facultative 
breeders of disease they merely afford a 
suitable ground in which the disease germs 
may multiply and an agency by which 
they may be distributed. Such animals 
are not in any way necessary to the exist- 
ence or development of the germs; they 
only serve to inerease the percentage of 
infection or the area of distribution char- 
acteristic of the disease. It is thus an 
important, but not an essential, role. With- 
out question it plays some part, but how 
weighty its influence may be or in just 
what directions it may be exerted we are 
at present entirely unable to measure or 
estimate. This is unquestionably a most 
important and fruitful field for investiga- 
tion. 

In another sense also animals are breed- 
ers of disease, as when some part of the 
life history of the disease-produeing germs 
is passed within the animal before that 
stage is reached in which the germ may 
infect a new human host. Here the rela- 
tion is an essential one, and the interme- 
diate host is a condicio sine qua non for 
the further spread of the disease. Such a 
relation is very widely known among ani- 
mal parasites. The embryo of the sheep 
liver fluke, for instance, must undergo cer- 
tain phases of development and reproduc- 
tion within a snail before it reaches that 
form which ean reinfect the sheep. The 
embryo of the unarmed human tapeworm 
must enter another host, the beve, and grow 
to a bladder worm, and this alone can 
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produce an adult tapeworm in the human 
alimentary canal, The embryonic round 
worms in the human blood must be drawn 
into the stomach of the mosquito, wander 
out into the thoracie muscles and grow to 
a definite stage of development before they 
can again enter the human host and become 
sexually mature adults which produce the 
hlood-inhabiting embryos. In the case of 
malaria, the germs of Plasmodium malaria 
must be drawn up into the stomach of the 
Anopheles mosquito, and within the body 
of this new host undergo a complicated 
series of changes before the new generation 
of spores is ready to be injected with the 
saliva into the blood of a man in whom 
these germs produce a new case of malaria. 
Not only is the intervention of a biting 
insect essential, and we know none other 
than the Anopheles mosquito which can 
‘fill the bill’—if you will aHow the appar- 
ently appropriate expression—but it is 
equally true that the organism must pass 
through the complicated phases of its life 
history in the mosquito before the latter 
can infeet. This is possibly even clearer 
in the ease of yellow fever, even though the 
specific organism which is the cause of the 
disease remains as yet unknown. The 
iosquito which ean transmit this disease 
is also a specifie type, Stegomyia fasciata, 
designated often as the yellow fever mos- 
quito. It aequires the power to transmit 
the disease by feeding on the blood of a 
yellow fever patient, but it can infect a 
ien-immune person only after a period of 
ten to twelve days. 
bite of this infected mosquito is harmless, 
and this condition ean be explained only 
cn the basis that the organism of the dis- 
case passes through certain stages in its 
development within the mosquito as a 
hecessary preliminary to reaching the con- 
dition in whieh it is able to reenter the 
human frame and infect such persons as 
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are susceptible. Until this period in the 
life history of the disease germ has been 
completed, the mosquito remains innocuous. 
On no other basis than this can the time 
interval be explained during which the 
mosquito does not transmit the disease, 
while after that limit has been passed the 
insect remains capable of infecting man 
up to the end of its existence, or at least 
more than two months. 

The cases given illustrate in a repre- 
sentative way the phenomenon of alterna- 
tion of hosts as it oceurs often in the life 
history of parasites belonging to different 
groups of animals. In some eases the stay 
in the intermediate host is merely the oeea- 
sion for growth and metamorphosis, as 
with the blood filarix in the mosquito or 
the tapeworm embryo in the beef. But 
in other cases there is a reproductive period 
in this intermediate host, so that the change 
of hosts is associated also with alternation 
of generations or metagenesis. By means 
of this new generation the number of 
spores, eggs, embryos or other infecting 
units is markedly increased and the compli- 
eated and dangerous life cycle of the para- 
site finds its compensating factor in multi- 
plied numbers. Among the arthropod para- 
sites alternation of generations and change 
of hosts are rare; but among the parasitic 
worms both phenomena occur frequently. 
Thus all endoparasitie flukes, so far as the 
life history is known, manifest alternation 
of hosts and of generations; direct develop- 
ment has not yet been shown to occur in 
any tapeworm, although there is only rarely 
any new reproductive period in the life 
eyele. The round worms, or Nematoda, 
display every grade from the most extreme 
simplicity and directness of development 
and transfer to such complicated changes 
and wanderings as have even yet eluded 
the scrutiny of the closest investigator, or 
when announced have aroused the ridicule 


Reh 
~ 
“fe 
- 


198 


of the scientific world on account of their 
improbability. As an excellent instance 
of these complicated relations may be cited 
the life history of the European hook 
worm, published by Looss, little more than 
a year ago. lLooss has followed the migra- 
tion step by step from the time the minute 
larve penetrate the hair follicles of the 
skin, enter a lymph space or a capillary to 
be carried by the eurrent through the ves- 
sels ultimately into the right heart and 
from it into the lungs, where they desert 
the vascular system and migrate into the 
air cells, and then, wandering outward 
along bronchioles, bronchi and trachea, pass 
over the dorsal margin of the larynx and 
into the esophagus, from which their path- 
way lies directly back through the alimen- 
tary canal to their final loeation in the 
small intestine. The migration requires 
ten weeks, during which time they pass 
through molts and grow in size, attaining 
the adult form and sexual maturity only 
after arrival at the end of the journey. 
Here the entire life cycle is passed in a 
single host, but its different phases are 
associated with various organs. In still 
other cases among the Nematoda a free- 
living generation alternates with the para- 
sitie generation, instead of two kinds of 
parasitic generations which are found in 
different hosts. 

Concerning conditions among the Proto- 
zoa there is less definite knowledge of the 
life history than among the higher groups, 
but instances of all the conditions cited for 
the worms may also be found here. Some 
species undergo direct development, others 
make a single or even a double change of 
hosts, and in some two generations of dif- 
ferent type alternate in the complete life 
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goes through an asexual reproductive cycle 
in man and another, the sexual cycle, in 
the mosquito. In this ease we know that 
the mosquito is not the mere mechanica] 
carrier of the disease germ, but that it is a 
necessary link in the life history, a breeder 
as well as a transmitter of disease. Re- 
garding the role of the eattle tick in Texas 
fever, it may be inferred with great proba- 
bility that it plays a similar part, even 
though the history of the parasite within 
the tick has not yet been worked out. In 
other diseases, such as sleeping sickness, 
where the parasite, a flagellate protozoon, 
known as a trypanosome, is transmitted by 
a biting fly, familiarly called the tse-tse 
tly, there is less evidence on which to base 
a conclusion. The tse-tse fly may be purely 
mechanical in its intervention; it seems 
more probable, however, that it plays a 
more intimate part. The instance shows 
very clearly, however, that until the life 
history has been elucidated, it is impossible 
to determine the relative importance of any 
element in the series, or intelligently to 
combat the disease which evidently should 
be attacked at its weakest point. This 
factor will be considered more in detail 
later. on, 

But animals also stand in a causal rela- 
tion to disease; certain forms are definitely 
shown to be producers of disease and in 
this aspect demand especial consideration. 
This fact has been generally recognized in 
the case of a few parasites from the earliest 
days of medical history. The fiery serpent 
of the wilderness was no donbt the guinea 
worm, of which the most ancient medical 
writings make note; and in this instance 
not only the cause of the malady, but also 
the general mode of infection through 


drinking water, and the method of cure, 
the removal of the worm, were known to 
the Egyptian as well as to the Greek physi- 
cians. But such instances are rare. Re- 


eyele of the organism. Thus the ameeba 
of tropical dysentery (Entamaeba histoly- 
tica) seems to develop directly; the blood 
ameeba of malaria (Plasmodium malaria) 
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carding merely even the larger, more con- 
spicuous parasites of man the wildest ideas 
were current as to their origin and their 
effect on the system. Thus tapeworms 
were supposed to originate from thickened 
mucus, or from an abnormal condition of 
the alimentary canal; and various parasites 
were from time to time regarded as the 
equses of cholera, typhoid and other similar. 
diseases. Sueh views as these prevailed 
venerally even less than a century ago, and 
it is not strange if, in consequence of more 
aceurate knowledge on these points and of 
the rejection of such wild theories of dis- 
ease, the pendulum has swung to the oppo- 
site extreme and animal parasites have 
come to be considered of insignificant im- 
portance in the etiology of disease. 

Two factors tended to strengthen this 
view and further belittle the possible role 
of animals as disease producers. In the 
first place, with the possible exception of 
malaria, no animal organism was known to 
be the cause of any general disease; and 
while the animal nature of the Plasmodium 
malarte was never doubted in any econsid- 
erable cirele, the case stood so evidently 
isolated that it emphasized all the more its 
own peculiarity. But even more powerful 
than this was the rise of a new science, 
bacteriology. Certain minute plant germs 
had been found to be the cause of decay, 
why not of disease? In response to the 
needs of the case there arose a new tech- 
nique for handling and studying these 
forms, a rigorously analyzed series of con- 
ditions for determining their possible rela- 
tion to disease; and a new field of science 
was organized. Discoveries followed one 
another with marvelous rapidity and every 
year saw the elucidation of the cause of 
new maladies. It seemed as if the secrets 
of disease had been laid bare; men had 
traced the causes to bacteria in many cases 
with such suecess that they continued to 
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follow the same line in other yet unex- 
plained diseases, confident that there was 
only some minor defect in technic which 
would soon be overcome and the solution 
obtained. Indeed, the very name disease 
germs was regarded as equivalent to bac- 
teria. There is no doubt that success in 
this direction served to draw attention 
away from the signs which presented them- 
selves in other fields and particularly to 
minimize the animal organism as a causal 
factor in disease. Recent discoveries of 
great import which have crowded hard 
upon each other are disclosing here a new 
field and stimulating the investigation of 
neglected territory. Let us now examine 
seriatim the different groups of animals to 
secure a clear idea of the rdle played by 
each in the production of disease. 

The disease-producing organism works 
slowly, insidiously, saps the vigor of the 
infected individual without consuming the 
substance so as to destroy life by immediate 
destruction of the body. It is clearly not 
carnivorous, but rather parasitic in habit; 
consequently among the vertebrates as well 
as among the largest and most powerful 
invertebrates, one could not expect to find 
such forms. These largest species might 
be carriers of disease or even breeders of 
sickness, but they could not constitute the 
immediate cause of the malady. It may 
be interesting to note in passing an appar- 
ent exception to this rule. The lamprey 
eel attaches itself to other fish and is di- 
rectly the cause of the ulcers on the skin 
which mark the points of the lamprey’s 
fixation, and of the anemia which follows 
its blood-sucking and often induces the 
death of its host. But this instance stands 
alone. 

In the great majority of cases the disease 
producers are small organisms or at least 
gain their entrance into the body of the 
host in a form so minute as to defy detec- 
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tion. The arthropods furnish many ecar- 
riers of disease and breeders also, as the 
extended references already made to these 
forms suffice to show. The more or less 
perfectly acquired external parasitism of 
these forms is admirably adapted to these 
functions, but such animals are not the 
immediate cause of disease, and when sick- 
ness follows a bite of a fly, a spider or a 
tick, the effect is more probably due sec- 
ondarily to the bite and primarily to some 
other organisms introduced thereby. 

In the case of the parasitic worms the 
conditions are decidedly changed. Here 
are species which parasitize within the 
body, often suck the blood of the host, 
lacerate delicate mucous membranes, induce 
internal hemorrhage, in some _ instances 
feed upon the cells of the tissues, and 
destroy important organs or grow to such 
size as to eneroach upon normal structures 
and functions. In addition to these ana- 
tomical interferences, some of the parasitic 
worms are known to produce waste matter 
in their own biological processes, toxins, 
which act deleteriously upon the host or- 
ganism and evoke abnormal and _ serious 
symptoms in it. Thus Vaullegeard has 
isolated experimentally from tapeworms 
two chemical substanees which act upon 
the blood and nerve and which, injected 
into experimental animals subcutaneously, 
produce the epileptic symptoms that char- 
acterize severe cases of tapeworm infec- 
tion. Then the physician speaks of a 
Bothriocephalus anemia, recognizing a defi- 
nite group of symptoms, a distinct disease 
produced by the parasitism in man of the 
broad fish tapeworm (Dibothriocephalus 
latus). Here the animal is the immediate 
cause of the disease and the removal of the 
tapeworm is followed at onee by the disap- 
pearance of the undesirable symptoms. 

While there are some animal parasites 
which are believed to be harmless, or, better 
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expressed, do not do any damage to the 
human system so far as present knowledge 
extends, yet the studies of recent years 
have furnished constantly increasing evi- 
dence of the pathogenic réle of these organ- 
isms. They do damage indirectly by irri- 
tating the delicate mucous membranes and 
by lacerating them, thus giving access to 
the omnipresent bacteria, a danger which 
has been greatly underrated. But they 
are also the direct cause of disease which 
in consequence of their part in its produc- 
tion the physician names after the species 
of parasite, as trichinosis, uncinariasis, 
hydatid disease, ete. Note further that 
they are not factors of trivial importance 
in general hygiene or of little bearing upon 
the welfare of a nation as a whole, and that 
a large percentage of such diseases can be 
treated only by preventive medicine. Thus 
trichinosis, which is caused by eating pork 
containing living trichine (T'richinella spi- 
ralis), is accompanied by a high mortality 
and even yet is a serious disease in north- 
ern Germany; its prophylaxis is, however, 
exceedingly simple and no one who is eare- 
ful to avoid underdone pork will ever suffer 
from its attacks. Again, hookworm dis- 
ease, or uneinariasis, has been shown by 
the researches of Stiles and others to be 
very abundant in certain parts of our 
southern states. The presence in the ali- 
mentary canal of myriads of minute hem- 
orrhages caused by the action of these 
worms, results in a chronic anemia which 
prevents the attainment of physical or 
mental development, stunting the individ- 
ual and leaving him, on arrival at years of 
maturity, little more than a child in body 
and in intellect. Much of the degeneracy 
of the poor white trash of the south is due 
not to inherited defects or to family short- 
comings so much as to the presence of this 
parasite, which from early childhood has 
continually sapped the vitality of the indi- 
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vidual. It needs no extended argument to 
demonstrate the sociological effect of the 
recognition and removal of this one cause 
of disease. Nor will any one doubt the 
desirability, yes, the necessity, for a careful 
investigation into the life history and ef- 
fects of these parasites. For from the life 
cycle is to be obtained the clue to the means 
of attack, to the weak spot in the armor of 
the disease on which its ultimate destruction 
depends; and every one recognizes as the 
ultimate goal of medicine as a science the 
eradication of such diseases that the phys- 
ical man may move forward toward the 
possibilities in perfect development with 
which he is endowed. 

That which I have outlined has been 
known in part for many decades, even 
though the investigations of recent years 
have contributed much. toward a clearer 
comprehension of the question. Among 
the Protozoa, however, the last few years 
and even months have brought discoveries 
of the most startling character regarding 
their relation to disease. It was in 1890 
that Laveran first discovered the ameeboid 
parasite in the red blood cells now univer- 
sally recognized as the cause of malaria, 
and not until 1899 was its life history 
clearly outlined, while even yet some minor 
details of the picture are lacking. Since 
the opening of the new century there has 
come the demonstration of the cause of 
sleeping sickness, a terrible disease of trop- 
ical Africa, in a flagellate protozoon (Tryp- 
anosoma) other species of which in the 
blood of various domestic animals have 
been shown to give rise to widespread and 
fatal epidemies in other countries; the 
parasite of smallpox has been found to 
belong to this same group and its life his- 
tory has been determined partly at least. 
The disease known as kala-azar, dum-dum 
fever, or splenomegaly, a fatal malaria-like 
malady of India and Africa, has been 
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traced to another protozoon parasite; in 
yellow fever it seems probable that such 
organisms are the exciting cause ; in various 
other diseases they have been seen, even 
though in some cases subsequent investiga- 
tion has failed to demonstrate the parasites 
and confirm the reports; and finally within 
this year accounts by well-known German 
investigators proclaim the discovery of the 
cause of syphilis in a hitherto undiscovered 
protozoon of the order of flagellates. In 
all of these maladies the bacteriologists have 
been searching with great care for the etio- 
logical factors, but their efforts have been 
fruitless. It is apparent that the new field 
will demand its own technic, and until that 
has been developed and the proper stand- 
ards of judgment formulated, much work 
will necessarily go to waste and many errors 
be committed. 

These organisms, the unicellular animals, 
are distinctly analogous to the unicellular 
plants, among which the bacteria stand as 
the characteristic disease producers. In- 
deed, the recent studies have shown that one 
genus, Spirochete, long known and hitherto 
classified among the bacteria, is probably 
not such, but rather a flagellate protozoon. 
And possibly other genera of Protozoa are 
also wrongfully assigned to bacteria. On 
the other hand, zoologists have long recog- 
nized certain forms of Protozoa as patho- 
genic, producing disease among the various 


-other animals, and this is at least an indica- 


tion of their filling a similar réle in the 
human body. 

In consideration of these facts it is not 
unreasonable to believe that we stand now 
at the opening of a new field which is to 
make of itself in the future what bacteriol- 
ogy has made in the last half century. 
There is need of a Pasteur, a Koch and 
their confréres to lay the foundations 
strongly and to analyze with equal sharp- 
ness the relation of these animal micro- 
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organisms to disease. Even now the new 
field has been recognized and the Landon 
School of Tropical Medicine has appointed 
this year an investigator in protozoology— 
however unfortunate the form of the term 
may be. There are already listed more 
than thirty of the Protozoa which para- 
sitize the human body. Regarding many 
of them our knowledge is exceedingly 
scanty, but of others it may be affirmed 
definitely that they are the cause of dis- 
eases which rank among the most dangerous 
to which man is subject. Among these 
forms I have included only those that are 
distinetly recognizable in structure as Pro- 
tozoa, though their life histories and exact 
relationships are yet unexplained; but be- 
yond these limits lie a vast horde of un- 
identified structures, interpreted by some 
observers as parasitic protozoa, but re- 
garded by others as parasitic fungi and by 
still others as products of cellular degen- 
eration or other pathological changes. Such 
are the cancer parasites of several investi- 
gators, the organisms of leucwmia, scarlet 
fever and other diseases. No doubt some 
of these will be shown by further research 
to be in fact independent organisms of 
parasitic habit and the cause of disease, 
and it seems probable that many of these 
will fall within the group of Protozoa, the 
unicellular animals. Thus has been opened 
up a new field in whieh the microscope is 
the essential instrument of investigation. 
All the work to be done here depends upon 
this instrument, without which the very 
existence of these organisms would have 
remained unsuspected. Following close 
upon the wonderful discoveries of the his- 
tologist, the pathologist, the bacteriologist 
and the clinician, these studies furnish new 
evidence of the supreme importance of the 
microscope in the development of scientific 
medicine, in the attainment and preserva- 
tion of the health of mankind. 
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There is left but a paragraph in which 
to mention another aspect of the subject 
of this address. Even under the narrow 
limits of the topie—animals in relation to 
lisease—there is one phase which in justice 
to them should not be entirely omitted. 
Animals stand also distinctly as preventers 
of disease; and this in the first place as 
destroyers of disease germs. Among the 
Protozoa which have already been exploited 
as the producers of disease, are found also 
the organisms which play the most impor- 
tant part in the purification of sewage- 
contaminated streams by consuming the 
bacteria. These forms are specifically cili- 
ates, of which the common slipper animal- 
cule (Paramecium) may serve as a typical 
form; they abound in all waters, especially 
in those containing decaying matter, and 
devour countless numbers of bacteria. 
Through their activity it becomes possible 
for one city to drink the diluted sewage of 
another city higher up on the watershed 
without losing all its citizens from intes- 
tinal diseases. 

Modern science has also made use of ani- 
mals in combating disease; as producers 
of antidotes, either in the form of cow-pox 
or vaccine, or in the réle of test animals 
and of serum producers, manufacturing 
antitoxines of various sorts, many animals 
discharge in this way a most essential func- 
tion in modern life. But the discussion of 
this phase lies beyond the demands of the 
present occasion. 

In closing let me call your attention to 
the bearing these studies on the relations 
of animals to disease have on the science 
of medicine. Any rational method of cure 
depends upon the distinet recognition of 
the causé of the malady. Any other basis 
gives unlimited opportunity for chicanery 
and fraud and for the despoliation of the 
people in the name of medicine, so general 
to-day. But more than that, preventive 
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medicine is to be the ultimate product of 
the secientifie studies of to-day; no one can 
juestion that it is a far higher and more 
desirable type than curative medicine that 
now generally seeks to remedy the ills be- 
eotten through ignorance. The loss to the 
world by preventable disease is enormous ; 
it includes many of the wise and the good, 
of the best products of human evolution 
during past centuries, for no selective ac- 
tion determines that the worse element 
shall be wiped out. In truth, the delicate 
nervous balanee of the highly developed 
human organism seems to be more easily 
disturbed by the attacks of disease than the 
erosser elay in which all energy has gone 
to physical development. To stop this loss 
is the greatest problem of the future in 
medicine. And the very first step in this 
problem is the positive determination of 
causes of disease, and of the means by 
which they are transmitted and multiplied. 
Without this knowledge rational prophy- 
laxis is impossible; before it and the results 
of associated investigations of purely scien- 
tifie charaeter, quackery must yield as the 
night before the day, schools and theories 
will disappear and medicine will take its 
rightful place among the sciences. 


Henry B. Warp. 
UNIVERSITY OF NEBRASKA. 


SCIENTIFIC BOOKS. 

The Dynamics of Particles and of Rigid, 
Elastic and Fluid Bodies. By A. G. 
Wesster. Teubner & Co. 1904. 

The training of the physicist and that of the 
engineer are subjects which one can hardly 
refrain from discussing whenever a new vol- 
ume designed to furnish some part of the 
necessary equipment for either appears on the 
scene. The one which is the subject of this 
review raises the question in a much more 
definite way than anything which has ap- 
peared for some time past. Most of the books 
hitherto published are either mathematical 
treatises on special departments of physics, or 
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are physical text-books in which mathematics 
are avoided as far as possible. Professor 
Webster has attempted, as we shall see later 
on, to combine the two points of view, some- 
what on the lines of Thomson and Tait’s 
‘ Natural Philosophy,’ but better adapted than 
that work for the class-room. 

The latter part of the nineteenth century 
has seen a far-reaching change passing over 
those subjects which deal directly with the 
interactions of particles of matter. Much 
careful experimental work has been done and 
laws and principles have been formulated with 
such accuracy that the time of the all-round 
physicist has now to be spent as much at the 
desk as in the laboratory. In spite of this 
change, the training of the student is still 
largely devoted to experimental work and the 
accumulation of facts. But few students 
realize that the phenomena can nearly all be 
brought together as the effects of the opera- 
tion of a few simple laws. They spend so 
much time and labor in mere manipulation 
that the end is quite lost sight of in the means. 


As a matter of fact, many of the earlier ex- 


periments are made with highly specialized 
forms of apparatus and could be quite easily 
replaced by illustrations to be obtained from 
the machinery which has become an essential 
part of the daily life in all civilized com- 
munities. <A great saving of time, to be better 
employed in other directions, might be made 
by thus laying on a foundation which already 
exists, and the training would be directed 
towards the principles and the way in which 
the laws are manifested rather than to the 
mere effects themselves. 

There is, of course, a difficulty which is 
always present in the mind of every teacher 
—that of retaining the interest and holding 
the attention of the student. Comparatively 
few of the latter take an interest in the meth- 
ods, chiefly mathematical, by which the phe- 
nomena are deduced from the general laws, 
and these few frequently neglect the physical 
side entirely. And yet it is only by a com- 


bination of theory and experiment that the 
best results can be obtained. It is useful for 
a mathematician to have a knowledge of 
physics, but it is necessary for a physicist 
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to have such a grasp of mathematics that 
he is able to work out the problems which 
arise in connection with his experiments. 
As Professor Webster points out in his 
preface, there has been far too much neg- 
leet with us of the mathematical side, and 
while this neglect continues we can searcely 
hope to produce men of the type of Maxwell, 
Kelvin, Rayleigh, Helmholtz and others. 

In considering, then, the training of the 
physicist no less than that of the practical 
engineer, it is necessary to keep two points 
steadily in view. The first is a full under- 
standing of the primary laws which lie at the 
basis of all physical investigations, and the 
second is the ability to apply those laws to 
specific cases. Simple as are the laws and the 
methods of applying them, only those who 
have attempted to teach the subject know how 
difficult it is for even the best students to 
acquire a thorough working knowledge of 
them and how rare it is for the average stu- 
dent to solve the simplest problems when the 
latter are anything more than mere applica- 
tions of results previously obtained. The 
ability to do this is usually obtained only by 
long practise, and the time at present devoted 
to acquiring the facility necessary for success 
is quite inadequate. To take a simple ex- 
ample. Most of the volumes on the calculus 
which are written solely for students of engi- 
neering and physies contain nothing more 
than the parts which are necessary to under- 
stand the mathematics used in solving physical 
problems. No thorough grasp of the subject 
is obtained in this way; the student obtains 
knowledge sufficient perhaps to understand 
what is presented to him in a finished form, 
but there is no margin left for independent 
work on problems which lie a little off the 
main track. 

Professor Webster has fully recognized this 
fact. It is true that he presupposes only an 
elementary knowledge of the ecaleulus and of 
the earlier parts of algebra and analytic geom- 
etry, but a student who wishes to make a seri- 
ous study of the book will require to know 
these earlier parts thoroughly. Throughout 
the volume there is no attempt to slur or 
evade any difficulties because they are mathe- 


matical; practically every result obtained js 
fully worked out and in many parts the author 
takes his reader far beyond what is merely 
necessary. Moreover, he never allows himself 
to be drawn away from the main lines of his 
subject by side issues which have little or no 
bearing on the investigation in progress, and 
he has avoided the use of special mathematical 
artifices which are of value only in special 
problems, so that the methods used are those 
which can be applied to practically all the 
problems of dynamics. 

Part I. consists of the development of the 
general principles of dynamics. In the first 
chapter the elements of kinematics and the 
laws of motion are briefly set forth. Then 
follows a chapter on special motions of a 
particle, which include parabolic, harmonic 
and constrained motions, pendulums and cen- 
tral forces. Professor Webster has avoided 
the doubtful practise of most of the English 
text-books which give a_ disproportionate 
amount of space to the last, but the eight 
pages on the spherical pendulum, although 
the problem is well worked out, might perhaps 
have been abbreviated by the omission of some 
of the figures and details. The next two 
chapters contain an unusually full develop- 
ment of the principles of work and energy 
and the methods of Lagrange and Hamilton. 
Here we find worked out, first, by the use of 
rectangular coordinates, and afterwards with 
generalized coordinates, D’Alembert’s prin- 
ciple, canonical equations, least action, vary- 
ing action, varying constraint, activity, ete. 
These chapters are important in view of the 
increasing prominence now given to methods 
which are of value in every department of 
mathematical physics, as Professor Webster 
shows by his use of them in the later parts of 
his book. This first part concludes with ap- 
plications to oscillations in general and to 
eyelie motions. In dealing with the latter, 
special cases of the general methods of ab- 
stract dynamics are treated: ignoration of 
coordinates, effect of linear terms in the 
kinetie potential, gyroscopic terms, and so on. 
A few examples are worked out to illustrate 
the manner in which the various methods are 


to be used. 
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The second part deals with the dynamics of 
rigid bodies. The author here develops, with 
cousiderable detail, the mechanics of systems 
which admit of representation by means of 
vectors, a method used throughout the volume 
wherever possible. Under this head come 
<-rews and wrenches, moments of inertia, and 
the special kinematies of a rigid body rotating 
about a fixed or moving point. Special atten- 
tion is devoted to the dynamics of rotating 
bodies. The top comes in for detailed treat- 
ment and many of the curious phenomena 
exhibited are deduced from the equations of 
motion.  Pietorial illustrations are given of 
the instruments and of the curves which have 
been actually obtained by the author to show 
how closely observation may be made to agree 
with theory. 

The third part opens with a chapter on the 
Newtonian potential function. will 
probably be found to be the least satisfactory 
in the whole volume from the student’s point 
of view. Although it may be quite logical to 
start with the properties of point-functions 
and develop them in detail before proceeding 
to the applieations, it is frequently tedious to 
read through many pages of mathematics 
leading to isolated geometrical results without 
indications of the uses to be made of those 
results. A rearrangement in which concrete 
problems are stated and solved, gradually lead- 
ing the student step by step to each new 
mathematical investigation as he sees the need 
for it, would seem to better achieve the end 
the author has in view and would avoid the 
danger of wearying the student and losing his 
interest. The next two chapters contain the 
dynamies of deformable bodies. The theory 
of stresses and strains is worked out and the 
illustrations are derived chiefly from problems 
in hydrostaties and hydrodynamics. The 
final chapter on the latter is perhaps the most 
interesting in the book. After obtaining the 
general equations of motion, the author treats 
briefly, but sufficiently for his purposes, vortex 
notion, ineluding tidal problems and sound 
waves. An appendix contains notes on cer- 
tain portions of algebra and analytic geometry. 

It is to be regretted that a little more care 
lias not been exercised in the wording of the 
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statements and definitions, especially in the 
earlier parts. For example, in the statement 
of the second law of motion, Newton’s ‘ change. 
of motion’ should be paraphrased ‘rate of 
change of momentum,’ and not ‘ acceleration.’ 
On page 31, the reason for the necessary slight 
modification of Kepler’s third law is given as 
due to the motion of the sun, instead of to the 
fact that the mass of the planet is not infi- 
nitely small compared with the mass of the 
sun. On page 35 the impression is conveyed 
that a motion is periodic when a system is in 
the same position after a certain interval of 
time, whereas it must also have the same 
velocities. It is not clear what is meant by 
the statement on page 96 that the principles 
of conservation of energy, of the motion of 
the center of mass, and of moment of mo- 
mentum ‘suffice for the treatment of all me- 
chanical problems.’ On page 131 it is stated 
that Jacobi’s dynamical method furnishes a 
means of integrating the equations of motion 
of a dynamical problem; this method is really 
a transformation which replaces the problem 
of solving 2n ordinary differential equations 
each of the first order, by that of solving a 
partial differential equation of the first order 
in n+ 1 variables. 

Whatever criticisms we may be disposed to 
make on minor points, we can heartily con- 
gratulate Professor Webster on having pro- 
duced a book which is in many respects a 
notable contribution to the literature of the 
subject. Even if it served no other purpose 
than to draw the attention of students and 
teachers to the necessity for a more profound 
study of the mathematics of physics, it will 
have achieved useful results. As a class book 
with an efficient instructor, it will be found 
to be of value for students who have had a 
fairly good training in algebra, the calculus 
and elementary mechanics, and who wish to 
go further either in experimental work or in 
the mathematics of physics. It will also be 


found useful as a place of reference for the 
main outlines of the various subjects treated. 

We hope that Professor Webster’s work will 
be the forerunner of other volumes on similar 
lines intended not to replace, but to be read in 
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conjunction with, the well-known treatise of 


Thomson and Tait. 
Ernest W. Brown. 


DISCUSSION AND CORRESPONDENCE. 
ON THE SPELLING OF ‘ CLON.’ 


To rue Eprror or Science: The original 
orthography of ‘clon’ should be retained, in 
the opinion of the present writer, for the fol- 
lowing reasons: ‘ Clone,’ the form preferred by 
Mr. Pollard (Scrence, XXII, p. 87), is 
already in use as a medical term, and is of 
different origin and significance from clon. 
If the latter word should take final e in or- 
der to mark an omega sound in the original, 
so also should eon, pron, autochthon, haleyon 
and similar words in common use. 

Linguistie usage does not require, however, 
that loan-words and derivatives from other 
languages should always preserve the same 
vowel quantities, and in transliteration from 
the Greek no distinction is made between the 
long and short sounds of o and e. In fact, 
» and » were unknown until the introduction 
of scholastie writing, and remained long after- 
wards confused with ¢ and o. Final e in 
English derivatives may stand for a distinct 
syllable in the original, as in the other ex- 
amples given by Mr. Pollard, or may be added 
for euphony, but not for the sole purpose of 
indicating quantity. Sometimes the final 
vowel is arbitrarily syneopated, whence the re- 
sulting variants of metaphor and semaphore, 
plasm and plasma, hypogyn and _ hypocrite, 
rhyme and rhythm, ete.; or we may even write 
both synonym and synonyme, though the latter 
form is antiquated. 

Searecely germane to this matter, but sug- 
gested by it, is the popular habit of miscalling 
under a yariety of un-English names one of 
the most famous masterpieces of Greek art. 
When we say ‘ Milo,’ we are merely following 
the continental pronunciation of Melos, in 
which the final s is no longer sounded. Venus 
de Milo is the French name of the statue, 
Aphrodite of Melos the correct English name. 
The most unpardonable combination of all is 
‘Venus of Milo,’ with the long (English) 
sound of the i in Milo; for in the first place, 
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the Italian goddess is not the precise equiva- 

lent of Aphrodite, and in the second place 

there is no such geographical name as ‘ Milo, 

at least, not in Greece. C. R. Easrmay, 
HARVARD UNIVERSITY. 


SPECIAL ARTICLES. 
THE LAWS OF EVOLUTION. 


Tat account of universal evolution which 
we owe to Mr. Herbert Spencer may be sup- 
plemented by a formulation of certain quan- 
titative laws which Mr. Spencer seems not to 
have apprehended. Mr. Spencer’s own so- 
called ‘ Law of Evolution’ is in reality only a 
great generalization, and not in a stricter 
sense of the word a law at all. It tells us 
that everywhere the loss and redistribution 
of the internal motion of a finite aggregate 
are accompanied by the concentration or ‘ in- 
tegration’ of mass, a ‘differentiation’ of 
arrangements, forms and activities, and a 
‘segregation’ or drawing together of like 
units. It does not tell us anything about the 
rate or amount of ‘compound evolution’ to 
be expected from any given expenditure of 
energy under given conditions. 

Economists have long been familiar with 
certain laws of differential cost and gain. 
They are commonly called laws of increasing 
and of diminishing return. The usual state- 
ment of them in the text-books is inadequate. 
A more accurate, and possibly a sufficient, 
statement is, that in any given state of in- 
dustry and the arts, an increasing outlay of 
labor and capital in agricultural, manufac- 
turing, or commercial operations conducted 
upon a given area,’ will, up to a given limit, 
yield returns increasing faster than the out- 
lay, and will, beyond that limit, yield returns 
increasing less rapidly than the outlay. 

In the course of my sociological studies I 
have been led to believe that increasing and 
diminishing returns, within the realm of eco- 
nomic phenomena, are only special cases of 
relations that hold good throughout all phe- 
nomena, physical, chemical, biological, psy- 
chological and social. In a future publica- 
tion I hope to set forth the grounds of this 


* Observe, space not ‘ land.’ 
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belief, and to show that the laws of increasing 
and diminishing return are universal laws; 
in other words, that they are laws of universal 
evolution. In the present article I attempt 
only to offer a tentative formulation of these 
laws, and to present a few of the more obvious 
and important explanations that they suggest 
of certain specific phases of evolution, such as 
natural selection and survival. 

In the evolutionary process ‘ outlay,’ instead 
of being made in terms of labor and capital, 
as in industry, is made in expenditures of 
energy, that is to say, in dissipations of mo- 
tion. The ‘return’ for this outlay is the 
total amount of compound evolution. Under 
certain conditions an increasing expenditure 
of the energies—original and subsequently 
aequired—of an aggregate, results in evolu- 
tionary changes that extend or multiply more 
rapidly than the expenditure of energy in- 
creases. Under other conditions, evolutionary 
changes extend or multiply less rapidly than 
the expenditure of energy increases. 

Chief among the conditions here referred 
to as determining the rate of evolutionary 
change, the important ones are, first, the 
heterogeneity of the elements or materials 
entering into the aggregate, and, secondly, 
the kind or quality of the materials. 

In homogeneous bodies or aggregates con- 
centration bears a constant ratio to the loss of 
internal motion, but in heterogeneous bodies 
there is no such constant ratio. Concentra- 
tion may proceed more or less rapidly than 
the loss of energy, according to the composi- 
tion of the mass. 

Different forms of matter differ one from 
another in their capacity to contain motion 
with a given concentration of their particles. 
That is to say, they differ one from another 
in energy-storing, energy-conveying and en- 
ergy-transforming capacity per unit of volume 
and weight, as is seen, for example, in the 
unequal capacity of woods and metals to con- 
vey heat or to transmit electricity. 

The general laws which formulate the rela- 
tion of these facts to the rate of evolution are 
these: 

1. In a heterogeneous aggregate the amount 
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of transformation, 7 e., of compound evolu- 
tion, increases more rapidly than the dissipa- 
tion of motion if, in the composition of the 
aggregate, materials of a higher are being 
substituted for materials of a lower capacity 
—per unit of weight and of volume—to store, 
convey and transform energy, and are being 
maintained in a perfect working correlation. 

2. Conversely, the amount of compound 
evolution increases less rapidly than the dis- 
sipation of motion if, in the composition of 
the aggregate, materials of a lower are being 
substituted for materials of a higher capacity 
—per unit of weight and of volume—to store, 
convey and transform energy, or if they are 
not maintained in perfect working correlation. 

Two or three simple illustrations derived 
from economics must here suffice as examples 


of innumerable facts upon which the demon- | 


stration of these laws rests. 

Increasing the returns of a factory of given 
floor space by increasing the speed of ma- 
chinery is possible only if for mechanisms of 
poorer quality there are substituted boilers, 
shafting, gearing, etc., of great cohesive 
strength, and great tensile strength in pro- 
portion to weight and volume. 

The increasing returns of a department 
store, in proportion to capital invested, have 
been made possible by the substitution of such 
devices as the light and diminutive cash car- 
rier apparatus for the relatively clumsy mech- 
anism of a sufficiently large staff of men and 
women, or boys and girls, to perform a like 
function. 

The mechanically and commercially possible 
‘skyscraper’ has been made possible by revolu- 
tionary changes in building materials and 
construction, including a substitution of light, 
but immensely strong, steel frames supporting 
the outer walls as well as the flooring, for 
massive outer walls supporting ‘an internal 
structure. 

These laws of evolution are, I think, the 
basis and explanation of the phenomena of 
natural selection and survival. 

In any finite aggregate of competing things 
or organisms, those survive in which the total 
amount of evolutionary transformation in- 
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creases more rapidly than the net expendi- 
ture of energy; those perish in which the 
total quantity of evolutionary transformation 
increases less rapidly than the net expendi- 
ture of energy. 


These laws of evolution and of survival are. 


exemplified in biological evolution both in the 
constitution of organic matter itself and in 
the paleontological series. 

In all organic matter we find marvelous 
strength, and marvelous capacity to store and 
to transform energy, in proportion to weight 
and volume. 

In the paleontological series we see the 
termination of the line of monster organisms, 
and the rise and survival of organisms of less 
weight and bulk, but of higher biological 
quality. 

In psychological evolution the superimposi- 
tion of reason upon instinct is correlated with 
an increasing complexity of nerve and brain 
structure, the marks of which are a finer and 
finer cell mechanism, of enormously high 
energy-conveying and converting capacity in 
proportion to weight and volume. 

In the competition of human races one with 
another, and of population aggregates one 
with another, those of high energy-storing 
and converting capacity per individual have 
occupied the superior environments, and have 
most vigorously multiplied. 

In the evolution of social organization su- 
perior corporate forms displace inferior forms 
only if with a differentiation of departments, a 
multiplication of officials and a specialization 
of functions, there is a corresponding improve- 
ment in individual efficiency. 

H. 

COLUMBIA UNIVERSITY. 


ALTERNATION OF GENERATIONS IN ANIMALS. 

In Science of April 28, 1905, Professor 
Harold L. Lyon attempts to criticize my paper 
on ‘Alternation of Generations in Animals 
from a Botanical View-point’ (Botanical 
Gazette 93: 137-144, 1905). My theory, 
stated briefly, is this: The egg with the three 
polar bodies constitutes a generation compar- 
able with the female gametophyte in plants; 
similarly, the primary spermatocyte with the 
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four spermatozoa constitutes a generation com- 
parable with the male gametophyte in plants. 
All other cells of the animal constitute a gen- 
eration comparable with the sporophytie gen- 
eration in plants, the fertilized egg being the 
first cell of this series. 


Fia. 1. 


According to Professor Lyon, my diagrams 
indicate “that the animal egg by itself and 
each spermatozoid is comparable to a piant 
gametophyte. His statements are not con- 
sistent, not in accordance with the facts or 
even with his figures, and it appears that just 
where he wishes to draw the homology is not 
quite clear in his own mind.” 

Such a positive and dogmatic criticism 
should be accompanied by soine proof, but the 
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proof does not appear. Fig. 1 is the diagram 
which Professor Lyon fails to reconcile with 
the statement just made in the first paragraph 
of this note. Just why he failed to grasp 
the situation will be evident to any morphol- 
ovist. He simply failed to distinguish be- 
tween a gametophytic generation and an indi- 
vidual gametophytic plant. According to 
Strasburger’ the spore mother-cell is the first 
ecll of the gametophytic generation. This 
spore mother-cell usually produces four spores, 
each of which, with or without germinating, 
"is an individual gametophytic plant. In Fig. 
1. @ and C’, this condition is compared with 
the egg and the three polar bodies. In the 
same figure, B and B’, and A and A’ show 
previous stages in the development. A stage 
preceding A and A’ might have been added to 
compare the spore mother-cell with the pri- 
mary oocyte. The diagram is intended to indi- 
eate not only that the entire gametophytic 
generation in plants is comparable with the 
entire gamete-producing generation in ani- 
mals (this generation beginning with the 
primary oocyte and ending with the egg and 
three polar bodies), but also that each of the 
four megaspores is comparable with an ani- 
mal egg, the three polar bodies, of course, be- 
ing regarded as eggs. I am aware that some 
eytologists, notably investigators of the Gré- 
goire sehool, are questioning whether the 
gametophytie generation does not begin with 
the spore rather than with the spore mother- 
cell, since it is not until the spore is reached 
that the reduced number of univalent chromo- 
somes is found. This, however, is a minor 
detail whieh does not affect essentially the 
theory presented in Strasburger’s paper on 
periodie reduction or the theory advanced in 
my paper on alternation of generations. 

The remark ‘ That zoologists recognize an 
alternation of generations in Hydrozoa and 
Scyphozoa is a common statement of their 
text-hooks,’ coming from a teacher of botany, 
is‘rather surprising. We shall take a chari- 
table view and hope that it was ignorance of 
zoology rather than of botany that allowed 

‘Strasburger, Ed., ‘The Periodic Reduction of 
Chromosomes in Living Organisms,’ Annals of 
Botany, 8: 281-316. 1894. 
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the remark, for the condition in Hydrozoa de- 
seribed by zoologists as an alternation of gen- 
erations is not an alternation of generations 
in the botanical sense, but is only a case of 
polymorphism, the relation of the medusa 
form to the parent plant being somewhat like 
the relation of the leafy moss plant to the 
protonema. Since my paper appeared, several 
zoologists have called my attention to this 
alternation of generations in hydroids, but 
they have recognized at once that the term, 
alternation, is used in a totally different sense 
by botanists and zoologists. 

The’ general criticism that there is no evi- 
dence in favor of my theory, would require a 
long answer. In replying to zoologists who 
have written to me and in explaining my 
theory more fully to zoologists whom I have 
met, the series of diagrams shown in Fig. 2 
has been useful. The diagrams and explana- 
tions are given, not as a reply to Professor 
Lyon, but as a general answer to those who have 
asked about the progressive reduction of the 
gametophyte. While the series does not prove 
that the egg with its polar bodies constitutes 
a reduced generation comparable with the 
gametophytic generation in plants, it does 
indicate how a condition quite strictly compar- 
able with the animal egg and polar -bodies has 
been reached by the gametophytie generation 
in plants. 

In Fig. 2 the smaller diagram at the right 
in each ease represents the egg and the three 
polar bodies. 

In an homosporous fern (Fig. 2, A) each of 
the four spores derived from the mother-cell 
may form an independent plant. Four gamete- 
bearing plants are shown. Professor Lyon’s 
confusion probably arose from his failure to 
recognize that the gametophytic generation 
could include anything more than just one of 
these four plants. According to Strasburger’s 
theory, which is more generally accepted than 
any other, the gametophytie generation in- 
cludes not only all four plants with their eggs 
and sperms, but also all preceding stages back 
to the mother-cell. 

The water ferns (Fig. 2, B) are heterospor- 
ous and only one of the four megaspores pro- 
duces a mature plant, the other three becoming 
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abortive. 
the spore. 


The plant is largely confined within 
The protruding portion may de- 

velop more or less chlorophyll and, conse- 

quently, is not completely dependent. 


Fic. 


The gymnosperms (Fig. 2, C) are hetero- 
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sporal and the resulting plant is entirely para- 
sitic. Further, the spore, with its contained 


plant, is never shed from the enclosing strue- 
tures. 


At the beginning of germination there 


ee 

oe 

oe 
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is a prolonged period of free nuclear division, 


sporous and, as a rule, only one of the mega- 
spores germinates, the other three becoming 
abortive.. The germination is entirely intra- 

*The three abortive megaspores are represented 
in C—H of the diagram by three heavy lines, 


but later, cell walls are formed and at the 
stage shown in the diagram the plant consists 
of a solid cellular tissue. 


although they disappear completely before the 
stage shown in the diagrams has been reached. 
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In Gnetum Gnemon, a gymnosperm (Fig. 
2, D), cellular tissue is formed only at one 
end of the female gametophyte, the end near- 
est the micropyle remaining in the free nu- 
clear condition. Any one of these free nuclei 
may become an egg nucleus. 

In other species of Gnetum (Fig. 2, #) no 
part of the female gametophyte gets beyond 
the free nuclear condition. The number of 
nuclei is likely to be smaller than in Gnetum 
Ginemon. 

Peperomia, an angiosperm (Fig. 2, F), 
shows a still more reduced condition, the ma- 
ture female gametophyte containing only six- 
teen free nuclei. A somewhat similar condi- 
tion is found in Gunnera, where the number 
of free nuclei varies from sixteen down to 
eight. 

Most angiosperms (Fig. 2, G) have eight 
nuclei in the female gametophyte, one of 
these nuclei functioning as an egg nucleus. 
This is the most reduced condition yet de- 
scribed for an angiosperm. We have found, 
quite recently, in Cypripedium, a mature fe- 
male gametophyte containing only four nuclei. 
The antipodal polar nucleus had not divided 
and was disintegrating. One mitosis in the 
micropylar end had also failed to take place. 
One might reasonably hope to find still greater 
reduction in the tropical orchids, so that while 
the stage shown in Fig. 2, J, is still hypo- 
thetical, it is not at all impossible that it may 
exist. The megaspore would then function 
directly as an egg and the four spores would 
correspond strictly with the egg and the three 
polar bodies. 

The series, as a whole, shows a gradual re- 
duction of the gametophyte from an independ- 
ent plant to a parasite; then a reduction 
from a cellular condition to the free nuclear 
condition; and finally a reduction in the num- 
ber of free nuclei, until (admitting the hypo- 
thetical case shown in Fig. 2, 7) the condition 
shown by the animal egg with its three polar 
bodies is reached. The behavior of the chro- 
mosomes during the formation of the four 
megaspores is essentially identical with their 
behavior during the formation of the egg and 
its polar bodies. 

It was only by the investigation of forms 
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below the angiosperms that the true nature of 
the female gametophyte of angiosperms be- 
came known. Perhaps a more thorough ex- 
amination of animals below the Metazoa may 
aid in interpreting the egg and its polar 
bedies. 

Since there would be much repetition in a 
discussion of the male gametophyte, this sub- 
ject is omitted. 

I regret that Professor Beard’s work was 
overlooked. In this one particular Professor 
Lyon’s criticism must be accepted. The fact, 
however, that Professor Beard relies strongly 
upon apogamy to support his theory will indi- 
cate to botanists a view-point somewhat dif- 
ferent from mine. 

It is gratifying to note that Dr. Lotsy’s* 
recent paper on the x and 2x generations is 
directly in line with my theory. 

Cuartes J. CHAMBERLAIN. 


PRELIMINARY NOTE ON A GIGANTIC MAMMAL FROM 
THE LOUP FORK BEDS OF NEBRASKA. 


Durine the summer of 1904 the writer was 
fortunate in locating an important fossil 
quarry in the upper series of the Loup Fork 
formation on the Niobrara River, four miles 
east of Agate P. O., Sioux County, Nebr., 
upon the property of Mr. James H. Cook, the 
Agate Springs Stock Farm. The existence 
of fossil bones in this locality was known to 
Mr. Cook as long ago as the year 1890, but he 
regarded the fragments of bones, when he first 
found them, as merely proving that the spot 
had been occupied by the Indians as a burying 
ground, they having frequented the locality 
in early days and frequently camped there. In 
August, 1904, I was guided to the spot by Mr. 
Cook’s son, Harold J. Cook, and made some 
preliminary investigation. The work has been 
continued throughout the spring and summer 
of the current year under my direction. An 
interesting feature of the deposit is the great 
number of water-worn fragments of. bone 
found in the quarry, clearly indicating that 
the remains were subjected to the action of a 


Lotsy, J. P., ‘ Die #-Generation und die 2a-Gen- 
eration, eine Arbeitshypothese,’ Biol. Centralblatt, 
25: 97-117, four text diagrams, 1905. 
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current of water, or perhaps to the action of 
waves beating upon the shore of a lake. The 
latter seems the more probable hypothesis. 


Family SUID A“. 
HOLLAND! gen. et sp. nov. 

This new genus and species was recently 
exhumed in the Agate Springs Fossil Quarry 
by’T. F. Oleott, a member of the Carnegie Mu- 
seum field party in this region. The type con- 
sists of the greater portion of the skeleton 
of, perhaps. one of the most striking animals 
found thus far in this quarry. The animal is 
closely related to the genus Elotherium found 
in the Oligocene formation. The dentition 
is apparently somewhat more specialized than 
in the latter genus. There is only a faint 
trace of the cingulum on the inferior pre- 
molars. This cingulum terminates on the pos- 
terior base of the tooth, forming a rather 
heavy basal heel. There is no cingulum on 
the inferior molars. The dentition on the 
whole is characteristically similar to that of 
Elotherinm, as is also the general contour of 
the skull. The limbs are elongated, and the 
general structure of the skeleton recalls that 
of the Oligocene genus. This similarity is of 
much interest when the changes which have 
taken place since the Oligocene time in the 
Oreodontidx and the Camelide are considered. 
The gigantie size of this Loup Fork species 
(the length of the cranium alone being about 
90 em.), together with the fact that the re- 
mains are found in a much later geological 
horizon than that in which Elotherium has 
been found, is thought by the writer to be of 
sufficient importance, pending a more thor- 
ough study of the type, to provisionally sepa- 
rate the two forms generically. 

When the material is cleared up a final study 
of the osteology of the specimen will be made 
and a detailed deseription will appear in the 
publications of the Carnegie Museum. 

O. A. Prrerson. 

CARNEGIE Museum, 


July 31, 1905. 
'The specific name is given in honor of Dr. W. 
J. Holland, the Direetor and Acting Curator of 
Paleontology in the Carnegie Museum. 
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QUOTATIONS. 
THE DEPARTMENT OF AGRICULTURE. 


Furtruer investigation has brought to light 
in the Department of Agriculture additional 
transactions that have excited some criticism. 
The grand jury at Washington is still at work 
upon the offenses of Assistant Statistician 
Holmes. Chief Statistician John Hyde, who 
resigned and at once sailed for Europe, has 
been asked by Secretary Wilson to come back. 
He replies that he will return without delay. 
He is wanted as a witness before the grand 
jury. After a long conference with the Presi- 
dent last week Attorney-General Moody said 
that the Federal criminal statutes were so 
antiquated that they did not meet existing 
conditions. Congress will be asked to make 
them broader and more stringent. President 
Jordan, of the Southern Cotton Association, 
demands the removal of the secretary, asserting 
that he is incompetent. The secretary, in 
whom Mr. Roosevelt has confidence, says it 
would be cowardly for him to resign while his 
department is under fire. Investigation is be- 
ing made as to the connection of several promi- 
nent officers of the geological survey, as di- 
rectors and stockholders, with a journal de- 
voted to mining. It is asserted that much 
information obtained at the expense of the 
government has been published by them in 
that journal long before the appearance of it 
in the official reports, which, it is said, have 
been unwarrantably delayed. It is asserted in 
similar charges against the Fish Bureau that 
much information has been published in maga- 
zines by officers, with illustrations, prepared by 
the government, which have appeared in the 
official reports several months later. Dr. D. E. 
Salmon, the well-known head of the Bureau of 
Animal Industry, is criticized by some because 
of his association with the contractor who sup- 
plies labels (invented by himself) for use in 
the inspection of meat. It appears that Dr. 
Salmon assisted this man some years ago and 
was his partner for six years in a small print- 
ing business. At Dr. Salmon’s suggestion he 
invented the label, but Dr. Salmon withdrew 
from the partnership very soon after the inven- 
tor obtained his first contract, in 1901, and has 
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since had no financial interest in the business. 
The inventor has been quite successful. Many 
millions of the labels are used by the govern- 
ment. At present he is at the head of a busi- 
ness capitalized at $500,000. Having elicited 
these facts, Secretary Wilson was inclined to 
discontinue the investigation of this case, but 
at the direction of the President further in- 
quiries are to be made. It appears that Dr. 
Moore (who recently resigned) could have 
made himself rich by a commercial use of his 
diseovery of a bacterial culture for the inocula- 
tion of soil. He took out patents, but gave the 
free use of the discovery to the people of the 
United States. Some say that he could have 
become a millionaire by the sale of it here and 
abroad. His resignation was due to public 
criticism of his conditional negotiations, termi- 
nated some time ago, with a company engaged 
in the manufacture of the bacterial culture 
which he invented. The Weather Bureau has 
been attacked by persons who asserted that 
$60,000 was spent in erecting in the mountains 
of Virginia buildings which served as a kind 
of summer resort for the officers. Investiga- 
tion, so far as it has proceeded, indicates that 
there was no just warrant for such a charge. 
Independent slaughterers and beef packers have 
complained that they suffered in competiti- 
with the trust because they could obtain no 
government inspection of their products. Dr. 
Salmon’s answer to this is that the export 
trade, which is controlled by the trust, must be 
subjected to inspection; that the appropria- 
tions are not sufficient to provide for the in- 
spection of meats for domestic consumption, 
and that the house committee on agriculture 
has warned the department not to extend its 
inspection to the concerns engaged exclusively 
in the domestic trade.—The Independent. 


THE PROPOSED ALLIANCE BETWEEN THE 
MASSACHUSETTS INSTITUTE OF TECH- 
NOLOGY AND HARVARD UNIVERSITY. 


THE corporation naturally reserved to itself 
the right to pass upon the financial aspects of 
the proposed arrangement. For giving a de- 


‘Concluding part of an editorial in The Tech- 
nology Review. 
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cision on this point the members are fitted by 
training and occupation, as a recital of the 
positions held by them would show. Since, 
however, they are almost all unfamiliar with 
educational problems, and since they regarded 
the alliance with Harvard as fundamentally an 
educational measure, as the testimony just 
quoted plainly shows, they very properly re- 
ferred this ‘ proposed agreement’ to their own 
body of educational experts, the faculty, and 
to those other parties in interest, the alumni, 
who, while not expert in matters of education, 
are, nevertheless, familiar with the institute 
system of education, and by their professional 
experience have given it the only conclusive 
test. 

Upon receiving this invitation of the corpo- 
ration, the faculty, who, at the request of the 
president, had _ studiously refrained from 
taking any earlier action upon the questicn, 
seriously discussed and considered the problem, 
upon its educational side, in a protracted series 
of meetings, and presented their collective 
opinion (there being but seven dissenting 
voices, including that of the president, in a 
membership of sixty-five) in a temperate and 
reasoned report. The executive committee of 
the alumni association, also made every exer- 
tion to have both sides of the question pre- 
sented fully and fairly to the alumni, which 
body deliberately expressed itself as opposed to 
the proposed agreement. In view of the cor- 
poration’s subsequent vote and the failure of 
that body to attempt to conciliate the opposing 
views by suggesting any modification of the 
proposed agreement or even by stating its rea- 
sons for disagreeing with those views, the 
alumni may properly inquire why they should 
have been encouraged to believe their opinion 
to be really wanted. The faculty may well ask 
why they should have been put to so much 
trouble if their judgment, as experienced 
teachers, upon a question declared to be fun- 
damentally educational, was, after all, to re- 
ceive so little respect. The faculty had every 
moral right, they had every right in equity, 
not only to be heard, but to be heeded. More- 
over, if, as the president declares, ‘the fame 
of the institute rests upon the work and repu- 
tation of the alumni,’ those alumni should cer- 
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tainly share with the corporation the right of 
deciding the future of the school. The presi- 
dent, who in words asserted, and the majorit) 
of the corporation present at the meeting, who 
by their votes declared that it was justifiable 
to disregard the opinion of nine tenths of the 
faculty and of three fourths of the graduates, 
could searcely have realized how extraordinary 
and grave an exercise of corporate power, far- 
reaching in its effect upon education, their ac- 
tion involved. In giving no heed to the opin- 
ions of the two coordinate bodies who have 
done most to create the reputation of the insti- 
tute, the corporation took the stand that its 
legal authority justified it in regarding its own 
judgment as superior to that of men more 
familiar with the conditions of successful 
technological education. What is of even 
greater consequence, this action of theirs im- 
perils all higher education; for, by thus ignor- 
ing the solicited opinions of their faculty, they 
reduce that body to the level of mere hirelings, 
and, by contravening the wishes of the alumni, 
they affront that graduate loyalty which is the 
vital principle of every efficient college. 

The charter of the institute created a corpo- 
ration of fifty men, including, ex offictis, the 
governor, the chief justice of the supreme 
court, and the secretary of the board of educa- 
tion. With the exception of these three, the 
body is self-perpetuating, and is responsible 
only to the commonwealth. This self-elective 
body has included many of the most distin- 
guished men of Massachusetts, and of these not 
a few have given much time and thought to the 
building up of the institute and to the manage- 
ment of its funds and property. Many of 
them, too, have contributed liberally to its 
funds, and have induced gifts and bequests 
from others. Nevertheless, no one would for a 
moment assert that the corporation has been the 
chief factor in making the high reputation or 
in guiding the successful policy of the institute 
of technology. That poli¢y has been shaped 


almost wholly by the faculty, whose educa- 
tional prerogatives have in the past been cordi- 
ally supported by the president and corporation 
of the institute; that reputation has been given 
by the teaching of the faculty and by the pro- 
fessional and personal achievements of the five 
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or six thousand past students. In short, the 
institute, like every other college of English 
origin, has not been in the main the educa- 
tional creation, and is not the educational 
property of its legal trustees. On the con- 
trary, it has been built up by, and should be in 
the keeping of, three bodies, or ‘ estates’: the 
corporation, who guard its financial and legal 
interests; the faculty, who determine its edu- 
cational policy; and the alumni, who, by the 
success of their professional careers and by 
their direct efforts, secure for it the support 
of the community. What the faculty have 
done no one familiar with education and ap- 
plied science needs to be told. What the past 
students have done professionally is shown by 
the honorable record in the ‘ Register of 
Graduates’; what they are ready to do financi- 
ally is made evident by the William Barton 
Rogers Fund, the Walker Memorial Fund, and 
the Technology Fund. 

In any rational system of government there 
should be the closest and most cordial cooper- 
ation between these three bodies—a coopera- 
tion that might, perhaps, best be attained 
through a joint advisory council of the corpor- 
ation and faculty, with the president as its 
chairman, and through direct representation 
of the alumni upon the corporation and its 
executive committee. In the absence of any 
provision for such formal cooperation, the 
legal trustees were under a strong moral obli- 
gation to recognize this triple control and re- 
sponsibility, and to take no final action of im- 
portance until a reasonable degree of harmony 
and agreement as to the step contemplated had 
been secured. Yet, when there arose the 
gravest of questions—one affecting the auton- 
omy and possibly the continued life of the 
institute—they ignored that coordinate re- 
sponsibility and acted in opposition to che 
expressed wishes of those most vitally con- 
cerned. This is an exercise of legal power, as 
opposed to moral responsibility, momentous in 
its consequences. 

Attempt has been made to excuse the ignor- 
ing of the faculty’s opinion, on the ground 
that that body is too near the problem to 
judge it without prejudice; but is the corpora- 
tion itself likely to be thought more free from 
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bias when it is considered that at least four- 
teen out of the twenty-three members who 
voted for the ‘ proposed agreement’ are alumni 
of, or are otherwise closely affiliated with, 
Ilarvard University, and that three out of the 
four eonferees who drew up the agreement 
are officially connected with that university? 
Is it maintained that devotion to the institute 
blinds the faculty (nearly half made up of 
men who are not technology graduates), while 
zeal for Harvard does not blind members of the 
corporation to the true interests of the insti- 
tute and of education ? 

The alumni vote was disregarded, it has been 
stated, because it was not more complete. That 
it was not larger is due, in great part, to the 
fact that, pressed on the one hand by the need 
of waiting for the opinion of the faculty, and, 
on the other, by the request of the corporation 
that the vote be in not later than June 1, the 
executive committee could give the alumni 
only ten days in which to-receive and digest 
the great mass of argument sent to them, and 
to get their ballots into the hands of the com- 
mittee. Most of the members of the corpora- 
tion, however, have long been associated with 
many large voting bodies and must be fully 
aware, not only of the difficulty of securing a 
full vote from a widely scattered body of three 
thousand busy men, but also of the general ex- 
perience that the ratio of voting, after the first 
few hundred ballots come in, remains almost 
constant, and that, therefore, had every alum- 
nus registered his opinion, the final proportion 
(three opposed to one in favor of the plan) 
would have been almost exactly the same.’ 

Taking into consideration, therefore, the 
three coordinate bodies which, in equity if not 
in law, govern the Institute of Technology, the 


* Significant in this connection are the votes of 
the last two classes, who are most intimate with 
the institute as it is, and who have been directly 
under the influence of the alliance discussion. 
At the time of its graduation, a year ago, the 
class of 1904 was overwhelmingly in favor of an 
alliance. Their recent official votes against the 


‘proposed agreement,’ however, was 116 to 22. 
No vote was requested from the class of 1905, but 
the poll which they took themselves stands in the 
ratio of 95 to 5 against the proposed alliance. 
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registered vote upon the ‘ proposed agreement’ 
stands, numerically, 1,422 against the plan to 
488 in its favor; and the vote by percentages 
is as follows: 


Against the For the 

Agreement. Agreement. 
Corporation ....... 40 per cent. 60 per cent. 
89 per cent. 11 per cent. 
Graduates ......... 75 per cent. 25 per cent. 


If the plan is presented to Harvard, there- 
fore, it goes with the indorsement of only one 
fourth of the men in those three bodies which 
have made the institute what it is and upon 
which the school must depend for future 
strength and usefulness. Is it likely, then, 
that there can be a genuine and hearty ‘ combi- 
nation of effort’ with Harvard University, 
especially in view of the well-known opposition 
to the alliance of practically all the Lawrence 
Scientific School faculty and alumni, of many, 
if not most of the academic faculty of Har- 
vard, and of the close friends, including the 
chairman of the trustees, of Mr. McKay? A 
partnership between Harvard and the institute 
to which substantially all the parties in inter- 
est consented might be practicable; but one 
like this, which is repugnant to most of those 
whose good will and enthusiastic efforts are 
essential, must inevitably result, if attempt is 
made to force it through, not only in the wreck- 
ing of the institute, but also in the controlling 
of education by purely business standards. To 
use the methods of industrial trusts in con- 
ducting colleges and universities is to threaten 
the present efficiency and ultimately the life 
of all higher education. 


MATHEMATICS IN JAPAN. 


At the celebration of the last birthday of 
the emperor of Germany Professor Harzer 
delivered a long address on the ‘ Exact Sci- 
ences in Old Japan.’* Although Professor 
Harzer is an astronomer, he devoted nearly 
his entire address to the history of mathe- 
matics, saying that ‘the little that is known 
of Japanese astronomy does not awaken any 
hope of any achievements worth mentioning 


1 Jahresbericht der Deutschen Mathematiker- 
Vereinigung, Vol. 14, 1905, pp. 312-339. 
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along this line” Even in mathematics too 
little of the available material has been crit- 
ically examined to make it possible to write a 
ecmplete and trustworthy history, but the sud- 
den prominence of Japanese activity and 
power gives unusual interest to any facts 
relating to the thought and scientific develop- 
ment of this country. 

The 2,000 mathematical works in the royal 
library of Tokio, some of which date back to 
1595, are a sufficient guarantee of high esteem 
for mathematical knowledge. As the Japan- 
ese mind is very practical and shows little 
aptitude for the abstract and philosophical, it 
is to be expected that their mathematical 
achievements are in very close touch with 
practical problems and are foreign to those 
fields of mathematics which border on philos- 
ophy. The determination of the area of the 
circle in terms of its diameter is one of the 
most important of these practical problems 
and the Japanese took especial interest in 
developments which were useful to obtain an 
approximate solution of this problem. 

Such a solution is equivalent to an approxi- 
mate determination of the ratio between the 
diameter and the cireumference of a circle. 
This ratio, known as the Ludolphian number, 
plays such a prominent role in the develop- 
ment of mathematics that so eminent a mathe- 
matician as Glaisher has remarked that its 
history is almost identical with the history of 
mathematics. The approximate value of this 
number can be most readily obtained by in- 
finite series, and this is the method which the 
Japanese employed as early as the seventeenth 
century. In doing this they used the bi- 
nomial theorem for fractional exponents as 
early if not earlier than Newton did. One 
of the proudest triumphs of this master mind 
was, therefore, achieved independently by the 
race whose recent marvelous progress has been 
attracting universal attention. 

One of the other prominent discoveries of 
Newton, viz., the infinitesimal caleulus, seems 
also to have been discovered independently by 
the Japanese, although the evidence on this 
point is not conclusive. It is, however, cer- 
tain that the Japanese were not far behind 
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the Europeans in their mathematical attain- 
ments during the latter part of the seven- 
teenth century. Since then they have not 
made the rapid progress which Europe has 
witnessed as a result of the work of Euler, 
Lagrange, Cauchy and Gauss. They did not 
have any such leaders, and hence their ad- 
vanced mathematics was practically neglected. 

Within recent years there has been a great 
advance in mathematical instruction. <A 
large number of students are debarred from 
the upper classes of the higher institutions on 
account of their lack in mathematical train- 
ing. There seems to be a very widespread 
feeling that the educational system is mostly 
in need of improvement along the line of 
mathematical instruction and the efforts to- 
wards progress along this line exhibit Japan- 
ese vigor and courage. It will probably re- 
quire a number of years before much will be 
accomplished in higher mathematics. 

The most surprising fact about Japanese 
mathematics is that, while the most elemen- 
tary parts were regarded as common preperty, 
the more advanced results were regarded as 
secrets which should be communicated to a 
very few. In fact. an oath of secrecy was 
required of those who wished to hear lectures 
on advanced mathematics. European history 
furnishes a parallel to this in the Pythagorean 
school, but it is so totally different from the 
modern spirit that its existence 2,000 years 
after Pythagoras was unexpected.  Fortu- 
nately all this has recently changed to such 
an extent that a history of Japanese mathe- 
matics could be published a few years ago. 
A small part of this hgs been translated into 
English.’ 

G. A. MILuer. 


STANFORD UNIVERSITY. 


PROPOSED MAGNETIC AND ALLIED OB- 
SERVATIONS DURING THE TOTAL 
SOLAR ECLIPSE, AUGUST 30, 1905. 


In response to my appeal for simultaneous 
magnetic and allied observations during the 
coming total solar eclipse, cooperative work 

*Tsuruichi Hayashi, ‘A Brief History of the 
Japanese Mathematies,’ Nieww Archief voor wis- 
unde, 1904, pp. 296-324; 1905, pp. 325-361. 
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will be conducted at stations distributed prac- 
tically along the entire belt of totality and 
also at outside stations, nearly every civilized 
nation participating. 

These observations will afford a splendid 
opportunity for further testing the result al- 
ready obtained. All those who are able to 
cooperate are invited to participate in this 
important work. 

The scheme of work proposed embraces the 
following: 

1. Simultaneous magnetic observations of 
any or all of the elements according to instru- 
ments at the observer’s disposal, every minute 
from August 29, 22 h., to August 30, 4 h., 
Greenwich mean, astronomical time. 

(To insure the highest degree of accuracy 
attainable, the observer should begin work 
early enough to have everything in complete 
readiness in proper time. See precautions 
taken in previous eclipse work as explained in 
Terrestrial Magnetism, Vol. V., page 146, and 
Vol. VIL, page 16. Jt is essential, as shown by 
past experience, that the same observer make 
the readings throughout the entire interval.] 

2. At magnetic observatories, all necessary 
precautions should be taken so that the self- 
recording instruments will be in good opera- 
tion not only during the proposed interval, 
but also for some time before and after, and 
eye readings should be taken in addition 
wherever it be convenient. 

[lt is recommended that, in general, the 
magnetograph be run on the usual speed 


throughout the interval, and that, if a change | 


in the recording speed be made, every precau- 
tion possible be taken to guard against instru- 
mental changes likely to affect the continuity 
of the base line.] 

53. Atmospheric electricity observations 
should be made to the extent possible by the 
observer’s equipment and personnel at his dis- 
posal. 

4. Meteorological observations in accord- 
ance with the observer’s equipment should be 
made at convenient periods (as short as pos- 
sible) throughout the interval. It is suggested 
that, at least, temperatures be read every fifth 
minute (directly after the magnetic reading 
for that minute). 
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5. Observers in the belt of totality are re- 
quested to take the magnetic reading every 
fifteen seconds during the time of totality and 
to read temperatures as frequently as possible. 

6. At those stations where the normal 
diurnal variation can not be obtained from 
self-recording instruments, it is desirable to 
make the necessary observations for this pur- 
pose on as many days as possible before and 
after the day of the eclipse, and to extend, 
if possible, the above interval of observation. 
In general, those who will have self-recording 
instruments have decided to run them for at 
least eight days before and after the day of 
the eclipse. 

It is hoped that observers will send full 
reports of their work to me as soon as possible 
for incorporation in the complete monograph 
on this subject to be published by the Carnegie 
Institution of Washington. 

L. A. Bauer. 

Dept. TERRESTRIAL MAGNETISM, 

CARNEGIE INSTITUTION, 
D. C., 
July 15, 1905. 


NOMENCLATURE AT THE VIENNA INTER- 
NATIONAL BOTANICAL CONGRESS. 


An international botanical congress was 
held at Vienna, Austria, June 11-18, 1905, 
under the presidency of Professor Julius 
Wiesner, of the University of Vienna, and a 
number of vice-presidents selected from the 
delegates from various countries. Between 
five hundred and six hundred persons were 
in attendance. After addresses of welcome 
by scientific and governmental Austrian offi- 
cials, the congress divided into two sections, 
holding sessions, (1) for the general business 
of the congress and the reading of scientific 
papers, and (2) for the discussion of the 
special subject of botanical nomenclature, 
which had been arranged in advance on the 
basis of a vote by members of an international 
commission, appointed at the botanical con- 
gress held at Paris in 1900. The procedure 
had been ecapitally organized by Professor 
John Briquet, director of the botanical gar- 
den of Geneva, and reporter general of the 
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international commission; he had compiled, 
translated into French, and arranged for com- 
parison all the numerous propositions relative 
to plant nomenclature published since the 
congress held in Paris in 1867, including the 
laws of nomenclature adopted by that body, 
and the general features of the code of botan- 
ical nomenclature adopted at the International 
Zoological Congress held at Berlin in August, 
1901; this great work entailed the study of 
over forty printed documents, many of them 
of considerable length. Dr. Briquet’s com- 
pilation was published under the auspices of 
a bureau established by the Paris congress of 
1900 and by the local committee of the Vienna 
of 1905, under the title ‘ Texte 
Synoptique des Documents destinés a servir 
de base aux débats du Congrés International 
de Nomenclature Botanique de Vienne 1905,’ 
This was dis- 
tributed to the members of the international 
commission for their preliminary yes or no 
votes on the numerous and widely differing 
propositions, late in December, 1904, with the 
requirement that the votes must be received by 
the reporter general at Geneva not later than 
January 20, 1905; this requirement allowed 
very little time for members of the commis- 
sion distant from Europe to consider the rela- 
tive value of the propositions as presented 
by Dr. Briquet, a copy reaching New York 
only on January 18; thus no votes were in- 
cluded of members of the commission resident 
in South America, Asia or Australasia, and 
from only two of the four members each from 
Russia and the United States. For this rea- 
son, and for others, only 31 members voted 
out of the 47 appointed at Paris in 1900, and 
of these, 15 were German, Austrian, Belgian 
or Swiss. 


congress 


a quarto book of 160 pages. 


Using the vote thus obtained as a basis, Dr. 
Briquet formulated a series of rules and 
recommendations for debate at Vienna, 
omitting in this, however, any cases in which 
he could not fairly figure out a majority of 
the 31 commissioners voting. The rules and 
recommendations thus obtained, were printed 
in a column reserved for them in the pages 
of the ‘ Texte Synoptique,’ which had mean- 
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while been held in type, together .with re- 
marks and observations of the reporter gen- 
eral in another column similarly reserved; the 
document, thus increased, was again trans- 
mitted to the members of the international 
congress, as well as to all delegates from in- 
stitutions and societies accredited to take part 
in the nomenclature debate at Vienna of 1905 
under the conditions prescribed at the Paris 
congress of 1900, and these rules and recom- 
mendations thus submitted became the actual 
topies of debate at Vienna, little attention 
being paid there to any other propositions. 
I have described the preliminaries of the 
method of reaching the votes actually cast at 
Vienna in this detail as a matter of general 
interest; it will at once be seen that the 
method was well caleulated to bring out 
opinions, and 31 out of 47 votes in the inter- 
national commission was in a measure suc- 
cessful; no attempt was made, however, to 
hold a meeting of the international commis- 
sion in advance of the congress to aid the 
reporter general in framing the rules and 
recommendations for discussion, and thus no 
opportunity for any preliminary agreement 
was provided. 

The section of the Vienna congress which 
occupied itself with the discussion of the 
rules and recommendations thus enunciated, 
held its sessions every afternoon of the con- 
gress week in the lecture hall of the univer- 
sity botanical garden, under the able presi- 
dency of Professor Flahault of Montpellier, 
assisted by Professor Mez of Halle and Mr. 
Rendle of the British Museum of Natural 
History as vice-presidents; Dr. Briquet acted 
as the mentor of the meetings, doing much 
of the translation required and recapitulating 
the discussions in advance of the vote; there 
were three secretaries representing the Fench, 
English and German languages; the official 
language was French. The conditions pre- 
scribed for the voting on motions and prop- 
ositions enabled a delegate to vote on behalf 
of a number of societies or institutions, if he 
was properly accredited by them to the con- 
gress; the number of delegates present was 
about 75, casting nearly 200 votes; of these 
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votes more than a majority came from Ger- 
many, Austria, Switzerland and Belgium; 
only two English delegates attended and the 
Royal Gardens at Kew were not represented 
in the voting; twelve delegates were present 
from the United States, casting about 30 
votes. The actual voting was by means of 
printed ballots, except in the case of proposi- 
tions which developed no debate, which were 
adopted viva voce. 

Dr. Otto Kuntze, whose writings on the 
subject of botanical nomenclature have been 
the most voluminous, was not a delegate, nor 
were his views represented, inasmuch as he 
regards the appointment of the international 
commission at Paris as irregular, the pre- 
ponderating vote of the central European 
countries as unfair, and the whole congress 
as incompetent to reach an international re- 
sult. He appeared before one of the meetings 
and read a protest, distributing at the same 
time a printed document in support of his 
contentions. No opportunity for work by 
committees was permitted by the controlling 
vote, one subject only being permitted to go 
to conference, and on this one unanimity was 
reached; attempts were made to reopen sev- 
eral propositions supported by a large minor- 
ity, in the hope that mutual concessions would 
lead to further unanimity, but the majority 
refused to permit this course to be taken; no 
attempt whatever was made to approach zoo- 
logical usage. 

The details of the rules and recommenda- 
tions approved by the congress must await the 
publication of the official reports; meanwhile, 
the following general results may be men- 
tioned: 

1. Consideration of the nomenclature of the 
cellular eryptogams (Thallophytes and Bryo- 
phytes) was referred to a commission to re- 
port to the next international congress, to be 
held in Brussels in 1910. 

2. The nomenclature of fossil plants was 
referred to another commission to report at 
the same time. 

3. The congress was nearly unanimously in 
favor of establishing the date of departure 
for the names of both genera and species with 
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the publication of Linneus’ ‘Species Plan- 
tarum,’ 1753. 

4. Uniform terminations for orders, fam- 
ilies, tribes and other ranks, were unanimously 
agreed upon. 

5. The stability of the specific name, when 
the species is transferred from one genus to 
another, was essentially unanimously ap- 
proved, only two votes being cast against it, 
but when the rank is changed the preservation 
of the name was not made necessary; the only 
exception to this general rule was made in the 
case of double names, such as Linaria linaria, 
the vote being 116 to 72. 

6. The congress approved a method of de- 
termining the generic name when an old 
genus is divided, essentially as it was laid 
down at the Paris congress of 1867, no ad- 
vance being made on this line, and no pro- 
vision being made for the establishment of 
generic types, although the vote on this ques- 
tion was 106 to 74. 

7. Although having adopted unanimously 
as a leading article, a principle to the effect 
that the rules of nomenclature must not be 
arbitrary, the congress by a large majority 
voted’ to approve the exception of more than 
400 generic names from the operation of all 
nomenclatorial rules, a list of such names 
submitted by Herr Harms of Berlin being 
adopted; the congress thus went on record as 
not regarding priority as a very important 
general principle. It was also maintained 
that other names may be added to this list 
in the future. 

8. The congress approved, by a vote of 105 
to 88, the requirement that after January 1, 
1908, in order to constitute valid publication, 
a new name must be accompanied by a diag- 
nosis in Latin, this not applying, however, 
to works already in course of publication. 

9. The congress voted against the principle 
of the rejection of all homonyms better known 
to zoologists as the principle of ‘once a 
synonym always a synonym,’ thus failing to 
recognize this as an important aid in securing 
the stability of names. 

10. The metric measurements were strongly 


recommended by a unanimous vote. 
N. L. Brirron. 
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SCIENTIFIC NOTES AND NEWS. 

Tue official party of the British Asociation, 
including Professor G. H. Darwin, the presi- 
dent, and the other officers, left Southampton 
by the mail steamer Saxon on July 29 for Cape 
Town, where they were expected to arrive on 
the fifteenth inst. The party included Pro- 
fessor Ernest W. Brown,of Haverford College; 
Professor Henry S. Carhart, of the University 
of Michigan; Professor W. M. Davis, of Har- 
vard University, and Professor William B. 
Scott, of Princeton University. 

Masor Ronatp Ross, professor of tropical 
medicine, and Dr. Rupert W. Boyce, professor 
of pathology and dean of the School of Trop- 
ical Medicine, Liverpool, sailed on August 12 
on the Campania for New York, en route to 
New Orleans, where they will-study the epi- 
demic of yeliow fever. 

The Observatory gives the following infor- 
mation in regard to eclipse expeditions: The 
astronomer royal and Mr. Dyson, with Pro- 
fessor Sampson, have started for Sfax. Pro- 
fessor Turner and Mr. Bellamy have left for 
Egypt. Sir Norman and Dr. Lockyer with 
their party intended to have anchored the gun- 
boat which is put at their disposal in the har- 
bor of Philippeville, in Algeria, but for certain 
reasons the French object. Several French 
observing-parties are arranged: MM. Deslan- 
dres and Rayet will be at Burgos; M. André, 
- of the Lyons Observatory, at Tortosa; M. 
Trépied, of Algiers, with MM. Stephan and 
Borelly, of Marseilles, are going to Guelma, 
where there will be some observers from Paris; 
M. Bigourdan, of the Paris Observatory, pro- 
make actinometric observations at 
Sfax, and there will also be a French expedi- 
tion to Cistierna, in Leon. The Peninsular 
and Oriental Company is arranging to send a 
vessel by way of Gibraltar to Palma, where she 
will wait during the eclipse, and thence to 


poses to 


Marseilles. 


Dr. Stewart Patron, formerly of the Johns 
Hopkins University, who recently occupied the 
Smithsonian table at the Naples Zoological 
Station for a term of three weeks, has received 
an appointment to that Station for six months 
from November 1, 1905. 


Dr. Harold Heath, 
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associate professor of zoology in the Leland 
Stanford Junior University, has been awarded 
the Smithsonian table at the station for three 
months from January 15, 1906. 


AN expedition to Florida for the purpose of 
securing series of the embryos of the alligator 
has recently been conducted for the Smith- 
sonian Institution by Professor Albert M. 
Reese, of Syracuse University. Professor 
Reese reports almost complete success, he 
having already obtained a fine series of nearly 
three hundred embryos, covering all but the 
very earliest stages of development. 


During the month of July Messrs. M. L. 
Fuller and F. G. Clapp, of the U. S. Geological 
Survey, made a reconnaissance trip through 
Newfoundland and along the coast of Labrador 
to a point north of Hopedale for the purpose 
of comparing the glacial features with those of 
northeastern United States. Several interest- 
ing points relating to possible Pre-Wisconsin 
deposits, to the origin of the high terraces and 
to the recentness of the last glaciation were 
brought out. The intention was to go further 
north, but this was impossible because of the 
presence of unusually heavy pack ice along the 
shore from which the vessel was obliged to 
withdraw after penetrating it for a distance 
of some ten miles. 


Dr. Ernst Epermayer, professor of agricul- 
ture in the University of Munich, celebrated 
on July 3 the fiftieth anniversary of his doctor- 
ate. 


Mr. A. B. Skinner has beer appointed di- 
rector of the South Kensington Museum, suc- 
ceeding Sir Caspar Purdon Clarke, the new 
director of the Metropolitan Museum of Art, 
New York City. 

Mr. W. A. Davie, assistant lecturer in agri- 
cultural chemistry, Aberdeen University, has 
been appointed a deputy-inspector in the Agri- 
culture and Lands Department under the Sou- 
dan Government. 


Mr. J. R. McCout, associate professor of 
steam engineering at Purdue University, has 
accepted a position in the engineering depart- 
ment of the American Blower Co., at Detroit. 
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Proressor Vosstus, rector of the University 
of Giessen, gave an address at the recent cele- 
bration of the university on ‘The recent de- 
velopment of ophthalmology.’ 


Tue Alvarenga Prize of the College of Phy- 
sicians of Philadelphia has been awarded to 
Dr. Chalmers Watson, Edinburgh, for an essay 
on ‘ The Importance of Diet; an Experimental 
Study from a New Standpoint.’ 


A statue in honor of Robert Bunsen, the 
eminent chemist, is to be erected in Heidel- 
berg. 


Proressor ALEXANDER MELVILLE died 
on August 7, at the age of eighty-six years. 
Professor Bell was known for his important 
contributions to phonetics. Like his father, 
Alexander Bell, formerly professor of elocution 
in London, and his son, Dr. A. Graham Bell, 
he took an important part in developing 
modern methods of teaching the deaf and 
dumb. 


GENERAL Royce Strong, the well-known army 
officer and engineer, died on August 5, at the 
age of sixty-nine years. 


Tue death at the age of forty-six years, of 
Mr. H. Lamb, of Maidstone, author of ‘ The 
Flora of Maidstone,’ is reported in Nature. 


Tue International Anatomical Congress, 
which has been in session in Geneva during the 
past week, has accepted an invitation to meet 
in Boston in 1906. 


Tue arctic steamer Terra Nova, which went 
to the relief of the Ziegler polar expedition, 
has rescued Capt. Fiala and all the others con- 
nected with the expedition. Mr. W. J. Peters, 
of the U. S. Geological Survey, who, on the 
nomination of the National Geographic So- 
ciety, was placed in charge of the scientific 
work of the expedition, has cabled that a con- 
siderable amount of scientific work has been 
accomplished. 


Tue next award of the Rogers prize will be 
made by London University in 1907. The sub- 


ject announced is ‘The Physiology and Pa- 
thology of the Pancreas.’ 


Tue Carnegie Museum of Pittsburg has 
acquired by purchase the entire collection of 
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the birds of New Zealand belonging to Sir 
Walter L. Buller, K.C.M.G., F.R.S., upon 
which he founded his magnificent standard 
work upon the birds of New Zealand. The 
collection contains a number of species in all 
stages which are now known to be extinct or 
rapidly verging upon extinction. Gould’s 
birds of Australia are the property of the 
Academy of Natural Sciences in Philadelphia. 
It is rather remarkable that the two great 
classic collections of birds from the antipodes 
should both have found a final resting place 
upon the soil of Pennsylvania. 


Dr. A. PecKovER has presented to the Royal 
Geographical Society, of which he has been a 
fellow since 1853, a valuable collection of 
atlases and maps. 


Tue demand for foresters is increasing 
rapidly both for state work and with private 
owners. Many states now have forest com- 
missions, and several of them have state for- 
esters. A trained forester at $2,400 a year 
and two assistant foresters at $1,200 each are 
wanted by California. Wisconsin wants an 
assistant forester at $1,500, Indiana a forester 
to take charge of its state reserve, and Wash- 
ington offers $1,800 a year for a trained for- 
ester. In many other states the advisability 
of creating the office of state forester has been 
under discussion this year, and it is only a 
matter of a few years when such an official 
will be considered a regular part of an efficient 
state government. The demand for foresters 
by private timber owners is growing at a still 
more rapid rate. During the last twelve 
months seven of the Bureau of Forestry force 
have left to take up work with such owners, 
and four have accepted public positions—two 
with Massachusetts, one with Connecticut, and 
A num- 
ber of other requests from private owners can 
not be met because men are not available. The 
year before there were less than half as many 
applications for trained men. But the demand 
for trained specialists in this line has only be- 
gun. Large lumber companies, great wood 


manufacturing concerns, owners of extensive 
forests, railroad companies and others are ta- 
king a hitherto unknown practical interest in 
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conservative forestry. They must have expert 
men to control their holdings. The result is 
that forestry is very rapidly taking its place 
as a recognized profession. A number of 
forest schools are training young men for this 
work, but the demand has outrun the supply. 


We learn from the London Times that a 
conference was held in London, on June 22, 
between representatives of sea fishery author- 
ities and the board of agriculture and fish- 
eries on matters affecting the sea-fishing in- 
dustry of the United Kingdom. Mr. Ailwyn 
Fellowes, M.P., in weleoming the delegates 
from the sea fisheries committees, regretted 
that much had not resulted from their confer- 
ences in the past in the way of legislation; 
but he hoped that now that the fisheries had 
been taken from an overburdened department 
like the board of trade to the board of agri- 
culture something would be done for the fish- 
ing industry. Many of the matters in which 
they asked for legislation required money; 
but, unfortunately, the imperial finances were 
not in such a satisfactory state as to allow of 
money being spent at present on sea fisheries. 
He hoped that in future there would be more 
frequent meetings of the officials of the board 
of agriculture and fisheries and the representa- 
tives of the sea fisheries districts in dealing 
with loeal fishery problems, and also in pro- 
moting legislation applicable to the whole 
kingdom. The conference then proceeded to 
discuss several subjects, such as the protec- 
tion of undersized sea fish and lobsters, fishery 
statisties, the pollution of estuaries and in- 
spection of shell-fish beds, and the necessity 
of imperial grants being given to local fisheries 
committees for fishery research. At the con- 
clusion of the conference Sir Thomas Elliott 
said it was the desire of the board to further 
in every way the sea-fishing industry of the 
country. 


Tue Geographical Journal states that the 
latest report to the Aeademy of Sciences, by 
the French committee controlling the scientific 
operations for the degree measurement in 
Eeuador shows that the difficulties with which 
the observers have had to contend have shown 
no signs of lessening during the year under 
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review, and that, as a result, the completion of 
the undertaking must once again be subject to 
an unforeseen delay. As in former years, the 
meteorological conditions have proved persist- 
ently adverse, the amount of fog prevailing in 
the upper region of the Andes rendering long 
sojourns at many of the stations necessary. 
Besides this, the presence of bubonic plague in 
Ecuador has further hampered operations, 
while several of the officers in charge have been 
invalided through fever and other illnesses. 
After summarizing the operations actually car- 
ried out in 1904, the report discusses the steps 
to be taken in view of the unexpected retarda- 
tion of the work. In order to keep within the 
limits of the funds at present available, it 
would be necessary to curtail the operations in 
four different ways, viz., by shortening the 
length of the are; substituting a less precise 
method for the measurement of the southern 
base; omitting the pendulum observations; 
and giving up the extension to Machala on the 
coast. The reporter points out the grave de- 
feets by which the results would be impaired 
if these curtailments of the original plan were 
decided on, one important requirement—viz. 
the testing of the possible effect on the form of 
the geoid exercised by the attraction of the 
Andes—being thereby left unfulfilled. It is 
therefore urged that the idea of such an abbre- 
viation should not be entertained, but that 
every effort should be made to carry out the 
undertaking in its entirety. It is thought 
that, even allowing for continued causes of 
delay, the whole should be completed by May, 
1906, 


CounseL Barpet, writing from Bamberg, 
Germany, says that in order to promote agri- 
cultural interests the Kingdom of Bavaria has 
established agricultural schools in thirty-one 
towns. These schools are in charge of teach- 
ers who, in addition to an academical educa- 
tion, must be generally efficient in botany, geol- 
ogy, chemistry, physics, zoology and natural 
history. The consul says: At a time when 
nothing is doing in the fields, from November 
to March, these schools are open, and peasant 
farmers for a nominal fee can attend courses 
on cultivation and fertilization of the soil, the 
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proper succession of crops on the same land, 
the best sources for good seeds, irrigation, and 
the raising of stock. They are made ac- 
quainted with improvements and new inven- 
tions in agricultural implements the adoption 
of which ean be recommended. They are 
taught the rudiments of bookkeeping and other 
commercial knowledge essential for the up-to- 
date farmer. In the spring, after these farm- 
ers have returned to their work in the fields, it 
becomes the duty of the teachers who in- 
structed them during the winter to travel from 
county to county and to act as advisers to the 
farmers. Much good results from the travels 
of these wandering teachers. By practical 
suggestions to the farmers they induce them to 
make valuable improvements in the cultiva- 
tion of their farms. The wandering teacher 
helps to form cooperative clubs for the joint 
interests of a number of farmers in one dis- 
trict. From time to time the teacher has to 
lecture in these clubs on any subject practical 
or scientifie which might prove of interest to 
the members. These visits and lectures to the 
different distriets are entirely free to the peo- 
ple, since the state assumes all expenses. 
There is probably no other country in the world 
in which so much is done by the state for its 
rural inhabitants as is the case in Bavaria. 
Other German states have these agricultural 
schools, but their teachers are not sent in such 
a practical way direct to the places where they 
can do the most good, as is done here. The 
results of this commendable care have been 
very gratifying. 

Concerning the exhibition held recently in 
London in connection with the Optical Con- 
gress, Nature says: The exhibition of optical 
and seientifie instruments which is being held 
during the present week at the Northampton 
Institute, Clerkenwell, E.C., in connection 
with the optical convention, presents many 
features of interest, and all who have had any 
experience in the use of an optical instru- 
ment, from the wearing of a pair of spectacles 
to the handling of an accurate spectrometer, 
will find something to repay the trouble of a 
visit to Clerkenwell; still the center of the 
optical industry. While the number of actual 
novelties offered is not, perhaps, very large, 
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there are few classes of instruments unrepre- 
sented, and though the names of certain im- 
portant firms are conspicuously absent from 
the list of exhibitors, the exhibition as a whole 
may be taken as well representative of the ac- 
tivities of the British manufacturers of optical 
and other scientific instruments. In the main 
of an optical character, the scope of the exhi- 
bition has been extended to cover such other 
scientific instruments as are usually manu- 
factured by optical instrument makers. 
Meteorological instruments and thermome- 
ters, mathematical and drawing instru- 
ments and calculating machines, and labora- 
tory apparatus generally, are thus included. 
Electrical measuring instruments, however, 
are not shown. It is for many reasons to be 
regretted that the exhibition has been confined 
to the work of British makers; a foreign sec- 
tion would have had much interest for the 
ordinary visitor, and would have been of great 
educational value both to the British manu- 
facturer and his competitors; we understand, 
however, that the limitation was dictated by 
considerations as to space, and the necessity of 
restricting the magnitude of a somewhat novel 
undertaking. In the catalogue which has been 
prepared in connection with the exhibition, 
the convention committee is to be congratu- 
lated on having produced a volume which 
should be of considerable value as well to the 
user of scientific instruments as to the firms 
whose instruments are there described. The 
volume is not confined to apparatus actually 
exhibited; the aim has been to provide a con- 
venient work of reference generally descriptive 
of the productions of British firms, and in 
which particulars as to the types offered by 
different makers of any special instrument 
may be readily found. To this end the instru- 
ments have been arranged in classes, which 
are in many cases further subdivided, and 
in addition to a table of contents, an alpha- 
betical list of exhibitors, with general in- 
formation as to their manufactures, and an 
index of instruments have been provided. A 
short introduction to each class furnishes 
some particulars as to the instruments included 
thereunder, with notes as to recent advances 
in the mode of construction. 
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UNIVERSITY AND EDUCATIONAL NEWS. 

Perer B. Rouss, of New York, son of the 
late Charles Broadway Rouss, has established 
at the University of Virginia a memorial to 
his father by the erection of two adjunct 
professorships, one of civil, and one of me- 
chanical engineering, to be supported by him, 
and to be known as the Rouss memorial ad- 
junct professorships. 

Mr. Tuomas H. Sueviin has given $60,000 
to the University of Minnesota for a woman’s 
building, which will contain a gymnasium, a 
luncheon room, ete. 

Tur Liverpool City Council has agreed to 
grant a further sum of £10,000 to Liverpool 
University during the current year. 

Mr. J. E. Crombre has given £1,000 towards 
the cost of the Aberdeen University quarter- 
centenary celebration, primarily to guarantee 
any deficiency in the publication committee’s 
expenses. 

Tie University at Giessen will celebrate its 
three hundredth anniversary in May, 1907. 

Tue Agricultural Department of Clemson 
College has been reorganized as follows: First, 
the division devoted to teaching. Second, the 
division devoted to research work. Under the 
first head is included the teaching of students, 
farmers’ institute work and extension work. 
The second division comprises the state experi- 
ment station and all lines of original research 
in the sciences relating to agriculture. The 
directorship of the station, which office has 
heretofore rested with the president of the 
college, has been transferred to the Agricul- 
tural Department. A_ station council has 
been organized, presided over by the president 
of the college. This council will meet once a 
month for the purpose of discussing questions 
relating to the good of the station and to 
determine in a general way what shall be the 
character of the experiments conducted for 
the coming year. The issuing of all bulletins 
must be authorized by the station council. 
All investigations must have the approval of 


this council. It consists of the president, the 


director, the professors of chemistry, agricul- 
ture, horticulture, entomology and zoology, 
botany and bacteriology, veterinary science, 
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and animal husbandry and dairymg. Under 
this organization, the following gentlemen 
comprize the Agricultural Department and are 
also employed in conducting experiments re- 
quired by the experiment station. Professor 
J. N. Harper was elected to fill the place of 
director of the Agricultural Department and 
of the station, which post was vacated by the 
resignation of Professor J. S. Newman, on 
July 1. Professor Harper comes from the 
Kentucky state institution. The chair of ani- 
mal husbandry and dairying has been filled by 
the election of Professor John Michaels, a 
graduate of the University of Wisconsin. 
Professor C. L. Newman, who has recently 
been elected to the associate professorship of 
agriculture, was for some years connected 
with the experiment station at Arkansas. 


Proressor W. A. Titpen, F.R.S., has been 
appointed dean of the Royal College of Sci- 
ence, South Kensington, in succession to Pro- 
fessor J. W. Judd, F.R.S. 


Dr. Wituiam M. Hicks, F.R.S., principal and 
professor of physics in Sheffield University, 
has resigned the post of vice-chancellor, and is 
succeeded by Sir Charles Norton Edgecumbe 
Eliot. 


Proressor E. J. TowNsenp, of the University 
of Illinois, has been made acting dean of the 
College of Science. 


Dr. Lerevre, of Tulane University, 
has been appointed professor of philosophy in 
the University of Virginia. 


Proressor S. J. Buck has retired from the 
chair of mathematies at Iowa College, after 
forty-one years of service. He has been made 
professor emeritus. Mr. W. J. Rusk, for the 
past three years associate professor, has been 
promoted to the chair of mathematics. 


Miss Mary C. Buss, for the past year as- 
sistant in botany in Wellesley College, has 
been advanced to an instructorship, and the 
following new appointments have been made 
in the department: Assistant, Miss Maude 
Cipperly; graduate student assistants, Miss 
Alice M. Ottley and Miss Emeline Moore. 


Dr. Aucust Gutzmar, professor of mathe- 
maties at Jena, has been called to Halle. 


